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EDITOR'S PREFACE TO THE SIXTH EDITION. 



A STEADY and ever-increasing demand for this work in Germany has led 
to the issue of suooeBaive editions until an eleventh has been reached. 
In every new edition the Author has introduced whatever improve- 
ment in the processes described, or in the distribution of his material, the 
progress of the science has suggested, The present is characterized by 
tvo important additions :— 

1st. The original plan of the work excluded all the rarer elements and 
their compounds ; bnt, inasmuch as many of these have recently acquired 
importance, as chemical reagents or in the arts, it has been deemed 
advisable to embrace the whola Now, therefore, all the known elements 
are treated o^ and processes g^ven for their preparation and detection j 
bat in order to avoid increasing too much the size of the volume, or to 
embarrass the beginner in, the study of analysis, many of these are 
printed in smaller type. 

2nd. The other addition is that of Spectruu Asaltsib, the most 
interesting, beautiful, and important acquisition which Analytical 
Chemistry has ever received. This is treated of fully, as its intrinsic 
importance and the requirements of students of such a work as this 
demanded. The reader will also observe that the new process known 
as Dialysis has not been overlooked. 

J. LLOYD BULLOCK. 
S, Hahovcb-btubt, Die., 1803. 
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INTRODUCTORY. 



PRELIMINARY REMARKS. 

DEFIKinOK, GENERAL PRINCIPI,ES, OBJECTS, UTILITY, AND IMPORTANCE 
OF QUALITATIVE CHEMICAL ANALYSIS — CONDITIONS AND REQUIREMENTS 
FOR A SUCCESSFUL STUDY OF THAT SCIENCE. 

Chemistry is the science which treats of the yarious materials entering 
into the structare of the earth, their composition and decomposition, 
their mutual relations and their deportment in general. A special 
branch of this science is designated ArialyticctL Ghemistryy inasmuch as it 
pursues a distin<;t and definite object — viz. the analysis of compound 
bodies, and the determination of their component elements. Analytical 
chemistry, again, is subdivided into two branches — viz. qualitcUwe 
amUf/Hs, which simply studies the ncUure and properties of the com- 
ponent parts of bodies ; and qTiantitative ancdysUy which ascertains the 
qucmtity of every individual constituent present. The office of qualitative 
analysis, therefore, is to exhibit the constituent parts of a substance of 
ymknown composition in forms of known composition, from which the 
constitution of the body examined and the presence of its several com- 
ponent elements may be positively inferred. The efficiency of its method 
depends upon two conditions — viz., 1st, it must attain the object in 
view with unerring certainty, and 2nd, it must attain it in the most 
expeditious manner. The object of quantitative analysis, on the other 
hand, is to exhibit the elements revealed by the qualitative investiga- 
tion in forms which will permit the most accurate estimate of their 
weight, or to effect by other means the determination of their quantity. 

These different ends are, of course, attained respectively by very 
different ways and means. The study of qualitative analysis must, 
therefore, be pursued separately from that of quantitative analysis, and 
must naturally precede it. 

Having thus generally defined the meaning and scope of qualitative 
analysis, we have now still to consider, in the first place, the preliminary 
information required to qualify students for a successful cultivation of 
this branch of science, the rank which it holds in the domain of 
chemistry, the bodies that fall within the sphere of its operations, and 
its utility and importance ; and, in the second place, the principal parts 
into which its study is divided. 

It is, above all, absolutely indispensable for a successful pursuit of qua- 
I. B 
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litative investigations that the student should possess sonle knowledge 
of the chemical elements^ and of their most important combinations, as 
well as of the principles of chemistry in general j and that he should 
combine with this knowledge some readiness in the apprehension of 
chemical processes. The practical part of this science demands more- 
over strict order, great cleanness and neatness, and a certain skill in 
manipulation. If the student joins to these qualifications the habit of 
invariably ascribing the failures with which he may happen to meet to 
some error or defect in his operations, or, in other words, to the absence 
of some condition or oliier indispensable to the success of the experiment 
— and a firm reliance on the immutability of the laws of nature cannot 
fail to create this habit — he possesses every requisite to render his study 
of analytical chemistry successful. 

Now, although chemical analysis is based on general chemistry, and 
cannot be cultivated without some previous knowledge of the latter, yet, 
on the other hand, we have to look upon it also as one of the main 
pillars upon which the entire structure of the science rests, since it is 
of almost equal importance for all branches of theoretical as well as of 
practical chemistry ; and I need not expatiate here on the advantages 
which the physician, the pharmaceutist, the mineralogist, the rational 
farmer, the manufacturer, the artisan, and many others derive from it. 

This consideration would surely in itself be sufficient reason to re- 
commend a thorough and diligent study of this branch of science, even 
if its cultivation lacked those attractions which yet it unquestionably 
possesses for every one who devotes himself zealously and ardently to it. 
The human mind is constantly striving for the attainment of truth ; it 
delights in the solution of problems ; and where do we meet with a 
greater variety of them, more or less difficult of solution, than in the 
province of chemistry % But as a problem to which, after long pondering, 
we fail to discover the key, wearies and discourages the mind ; so, in 
like manner, do chemical investigations, if the object in view is not 
attained — ^if the results do not bear the stamp of truth, of unerriDg 
certainty. A hilf-hwuoledge is therefore, as indeed in every department 
of science, but more especially Aere, to be considered worse than no know- 
ledge at all ; and a mere superfioial cultivation of chemical analysis is 
consequently to be particularly guarded against. 

A qualitative investigation may be made with a twofold view — ^viz., 
either, 1st, to prove that a certain body is or is not contained in a sub- 
stance, e.g., lime in spring-water ; or, 2nd, to ascertain aU the constituents 
of a chemical compound or mixture. Any substance may of course be- 
come the object of a chemical analysis. 

But all elements are not equally important for the purposes of 
practical chemistry, a certain number of them only being found more 
widely disseminated in nature, and more generally employed in phar- 
macy, in the arts and manufactures, and in agriculture, whilst the others 
are met with only as constituents of rarely occurring minerals ; the 
elements of the former class alone, therefore, and the more important of 
their compounds, will be considered more fully in the present work, 
whilst those of the latter class will be discussed more briefly and in a 
manner to enable the learner to separate, without difficulty, the study of 
the former from that of the latter. This arrangement will serve to 
render the study of the science more easy to beginners, and to lighten 
the labors of practical chemists. 
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The Rtudy of qualitative analysis is most properly divided into four 
principal parts — yiz.^ 

1. Chemical OPERATIONS. 

2. Bbaoents and their uses. 

3. Keactions, or deportment of the various bodies with reagents. 

4. Systematic course of qualitative analysts. 

It will now be readily understood that the pursuit of chemical analysis 
requires jpracltoo^ skill cmd ciAJAiy ^ well as theoretical knowledge ; and 
that, consequently, a mere speculative study of that science can be as 
little expected to lead to success as purely empirical experiments. To 
attain the desired end, theory and practice must be combined. 



SECTION I. 

OPEBATIONS. 
§ 1. 

The operations of analytical chemistry are essentially the same as 
those of synthetical chemistry, though modified to a certain extent to 
adapt them to the different object in view^ and to the small quantities 
operated upon in analytical investigations. 

The following are the principal operations in qualitative analysis. 

§ 2. 

1. Solution. 

The term *' sohdian" in its widest sense, denotes the perfect union of 
a body, no matter whether gaseous, liquid, or solid, with a fluid, resulting 
in a homogeneous liquid. However, where the substance dissolved is 
gaseous^ the term " absorpticm!^ is more properly made use of; and the 
solution of one fluid in another is more generally called a mioAv/re. The 
application of the term solution, in its usual and more restricted sense, 
is confined to the perfect union of a solid body with a fluid. 

A solution is the more readily eflected the more minutely the body to 
be dissolved is divided. The fluid by means of which the solution is 
effected, is called the scHveni. We call the solution chemical, where the 
solvent enters into chemical combination with the substance dissolved ; 
simple, where no definite combination takes place. 

In a simple solution the dissolved body exists in the free state^ and 
retains all its original properties, except those dependent on its form and 
oohesion ; it separates unaltered when the solvent is withdrawn. Com- 
mon salt dissolved in water is a familiar instance of a simple solution. 
The salt in this case imparts its peculiar taste to the fluid. On evapo- 
rating the water, the salt is left behind in its original form. A simple 
solution is called scUfUirtUed if the solvent has received as much as it can 
retain of the dissolved substance. But as fluids dissolve generally larger 
quantities of a substance the higher their temperature, the term satv/rtUedy 
as applied to simple solutions, is only relative, and refers invariably to a 
certain temperature. It may be laid down as a general rule that eleva« 
tion of temperature &cilitates and accelerates simple solution. 

B 3 / 
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A chemical solution contains the dissolved, substance not in the same 
state nor possessed of the same propei-ties as before ; the dissolved body 
is no longer free, but intimately combined with the solvent, which latter 
also has lost its original properties ; a new substance has thus been pro- 
duced, and the solution manifests therefore now the properties of this 
new substance. A chemical solution also may be accehrated by elevation 
of temperature ; and this is indeed usually the case, since heat generally 
promotes the action of bodies upon each other. But the quantity of the 
dissolved body remains always the same in proportion to a given 
quantity of the solvent, whatever may be the difference of temperature-— 
the combining proportions of substances being invariable and altogether 
independent of the gradations of temperature. 

The reason of this is, that in a chemical solution the solvent and the 
body upon which it acts have invariably opposite properties, which they 
strive mutually to neutralize. Further solution ceases as soon as this 
tendency of mutual neutralization is satisfied. The solution is in this 
case also said to be saturated or, more properly, neutralized, and the 
point which denotes it to be so is termed the point of saturation or neu- 
tralization. 

The substances which produce chemical solutions are, in most cases, 
either acids or alkalies. With few exceptions, they have first to be 
converted to the fluid state by means of a simple solvent. When the 
opposite properties of acid and base are mutually neutralized, and the 
new compound is formed, the actual transition to the fluid state will 
ensue only if the new compound possesses the property of forming a 
simple solution with the liquid present ; e,g,, if solution of acetic acid in 
water is brought into contact with oxide of lead, there ensues, first, a 
chemical combination of the acid with the oxide, and then a simple solu- 
tion of the new-formed acetate of lead in the water of the menstruum. 

In pharmacy solutions are often made in a porcelain mortar, by 
triturating the body to be dissolved with the solvent added gradually in 
small quantities at a time ; in chemical laboratories solutions are rarely 
made in this manner, but generally by digesting or heating the substance 
to be dissolved with the fluid in beaker-glasses, flasks, test-tubes, or 
dishes. In the preparation of chemical solutions the best way generally 
is to mix the body to be dissolved in the first place with water (or with 
whatever other indifferent fluid may happen to be used), and then 
gradually add the chemical agent. By this course of proceeding a large 
excess of the latter is avoided, an over-energetic action guarded against, 
the process greatly facilitated, and complete solution ensured, which is a 
matter of some importance, as it will not seldom happen in chemical 
combinations that the product formed refuses to dissolve if an excess of 
the chemical solvent is present ; in which case the molecules first formed 
of the new salt, being insoluble in the menstruum present, gather round 
and enclose the particles still unacted on, weakening thereby or prevent- 
ing altogether further chemical action upon them. Thus, for instance, 
Witherite (carbonate of baryta) dissolves readily if water is poured upon 
the pulverised mineral and hydrochloric acid gradually added ; but it 
dissolves with dificulty and imperfectly if it is projected into a concen- 
trated solution of hydrochloric acid in water ; since chloride of barium 
will indeed dissolve in water, but not in hydrochloric acid. 

Crystallization and precipitation are the reverse of solution, since 
they have for their object the conversion of a fluid or dissolved substance 
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to the solid state. As both generally depend on the same cause, viz., on 
the absence of a solvent, it is impossible to assign exact limits to either ; 
in many cases they merge into one another. We must, however, con- 
sider them separately here, as they differ essentially in their extreme 
forms, and as the special objects which we purpose to attain by their 
application are generally very different. 

§3. 

2. Cbystallization. 

We nnderstand by the term crystallization, in a more general sense, 
eveiy operation or process whereby bodies are made to pass from the 
fluid to the solid state, and to assume certain fixed, mathematically 
definable, regular forms. But as these forms, which we call crystals, are 
the more regular, and consequently the more perfect, the more slowly 
the operation is carried on, we always connect with the term " crystal- 
lization** the accessory idea of a slow separation — of a gradual conversion 
to the solid state. The formation of crystals depends on the regular 
arrangement of the ultimate constituent particles of bodies {moleciUes or 
atoms) ; it can only take place, therefore, if these atoms possess perfect 
freedom of motion, and thus in general only when a substance passes 
from the fluid or gaseous to the solid state. Those instances in which 
the mere ignition, or the softening or moistening of a solid body, suffices 
to make the tendency of the molecules to a regular arrangement (crystal- 
lization) prevail over the diminished force of cohesion — such as, for 
instance, the turning white and opaque of moistened barley-sugar — ^are 
to be regarded as exceptional cases. 

To induce crystallization, the causes of the fluid or gaseous form of a 
substance must be removed. These causes are either heat alone, e,g,, in 
the case of fitsed metals ; or solvents alone, as in the case of an aqueous 
solution of common salt ; or both combined, as in the case of a hot satu- 
rated solution of nitrate of potassa in water. In the first case we accord- 
ingly obtain crystals by cooling the fused mass ; in the second by evapo- 
rating the menstruum ; and in the third by either of these means. The 
most frequently occurring case is that of crystallization by cooling hot 
saturated solutions. The liquors which remain after the separation of 
the crystals are called mother-waters or mother4iquors. The term aanoT' 
fhous is applied to such solid bodies as have no crystalline form. 

We have recourse to crystallization mostly either to obtain the crystal- 
lized substance in a solid form, or to separate it from other substances 
dissolved in the same menstruum. In many cases also the form of the 
crystals or their deportment in the air, viz., whether they remain unal- 
t^^ or effloresce or deliquesce upon exposure to the air, will afford an 
excellent means of distinguishing between bodies otherwise resembling 
each other ; for instance, between sulphate of soda and sulphate of potassa. 
The process of crystallization is usually effected in evaporating dishes or, 
for very small quantities, in watch-glasses. 

In cases where the quantity of fluid to be operated upon is only 
small, the surest way of getting well-formed crystals is to let the fluid 
evaporate in the air or, better still, under a bell-glass, under which is 
also placed an open vessel half-filled with concentrated sulphuric acid. 
Minute crystals are examined best with a lens or under the microscope. 
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3. Pbecipitatiok. 

This operation differs from the preceding in this, that the dissolved 
body is converted to the solid state^ not slowly and gradually, but 
suddenly y no matter whether the substance separating is crystalline or 
amorphous, whether it sinks to the bottom of the vessel or ascends or 
remains suspended in the liquid. Precipitation is either caused by a 
modification of the solvent — thus sulphate of lime (gypsum) separates 
immediately from its solution in water upon the addition of alcohol ; or 
it ensues in oonsequence of the separation of an educt insoluble in the 
menstruum — thus metallic copper precipitates if a solution of chloride of 
copper is brought into contact with zinc, as this separates the copper 
from the chlorine, and the eliminated metal is insoluble in the water 
of the menstruum. Precipitation, lastly, takes place also where, by the 
action of simple or double chemical affinity, new compounds are formed 
which are insoluble in the menstruum ; thus oxalate of lime precipitates 
upon addition of oxalic add to a solution of acetate of lime \ ohromate of 
lead if chromate of potassa in solution is mixed with solution of nitrate 
of lead. In decompositions of this kind, induced by simple or double 
affinity, one of the new compounds remains generally in solution, and 
the same is sometimes the case also with the educt \ thus in the instances 
just mentioned the chloride of zinc, the acetic acid, and the nitrate of 
potassa remain in solution. It may, however, happen also that both 
the product and the educt, or two products, precipitate, and that nothing 
remains in solution ; this is the case, for instance, when a solution of 
sulphate of magnesia is mixed with water of baryta, or when a solution 
of sulphate of silver is precipitated with chloride of barium. 

Precipitation is resorted to for the same purposes as crystallization, 
viz., either to obtain a substance in the solid form, or to separate it from 
other substances dissolved in the same menstruum. But in qualitative 
analysis we have recourse to this operation more particularly for the 
purpose of detecting and distinguishing substances by the color, pro- 
perties, and general deportment which they exhibit when precipitated 
either in an isolated state or in combination with other substances. The 
solid body separated by this process is called the predpUate, and the sub- 
stance which acts as the immediate cause of the separation is termed the 
precipUcmt, Yarious terms are applied to precipitates by way of particu- 
larizing them according to their different nature ; thus we distinguish 
crystalline, pulverulent, flocculent, curdy, gelatinous precipitates^ <kc. 

The terms tttrhid and twrbidUy^ or cloudy and doiidiness, are made use 
of to designate the state 6f a fluid which contains a precipitate so finely 
divided and so inconsiderable in amount, that the suspended particles, 
although impairing the transparency of the fluid, yet cannot be clearly 
distinguished. The separation of flocculent precipitates may generally 
be promoted by a vigorous shake of the vessel ; that of crystalline preci- 
pitates, by stirring the fluid and rubbing the inside of the vessel with a 
glass rod ; lastly, elevation of temperature is also an effective means of 
promoting the separation of most precipitates. The process is therefore 
conducted, according to circumstances, either in test-tubes, flasks, or 
beakers. 
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The two operations described respectively in §§ 5 and 6, r\z.JiUraU(m 
and deccmtcUion, serve to effect the mechanical separation of fluids from 
matter suspended therein. 

§«• 

4. FtLTBATIOH. 

This operation consists simply in passing the fluid from which we wish 
to remove the solid particles mechanically suspended therein through a 
filtering apparatus, formed usually by a properly folded piece of unsized 
paper placed in a funnel An apparatus of this description allows the 
fluid to trickle through with ease, whilst it completely retains the solid 
particles. We employ smooth filters and plaited filters ; the former in 
eases where the separated solid substance is to be made use of, the latter 
in cases where it is simply intended to dear the solution. Smooth filters 
are prepared by double-folding a circular piece of paper, with the folds 
at right angles ; they must in every part fit close to the funnel The 
preparation of plaited filters is more properly a matter for ocular 
demonstration than for description. In cases where the contents of the 
filter require washing, the paper must not project over the rim of the 
funnel. It is in most cases advisable to moisten the filter previously to 
passing the fluid through it ; since this not only tends to accelerate the 
process, but also to prevent the solid particles being carried through 
the pores of the filter. The paper selected for filters must be as free as 
possible from inorganic substances, especially such as are dissolved by 
acids, as sesquioxide of iron^ lime, &c. The common filtering paper of 
commerce seldom comes up to our requirements in this respect, and I 
would therefore always recommend to wash it carefully with acid and 
water whenever it is intended for use in accwrate cmdyses. With the 
stronger sorts of paper this may be done by placing the paper, cut into 
pieces of suitable size, in a layer of moderate thickness, in a shallow por- 
celain dish, pouring over it a mixture of one part of hydrochloric acid or 
nitric acid with about nine parts of water^ and letting it digest fbr several 
hours at a moderate heat. The fluid is then 
poured ofi^ and the paper repeatedly washed 
with water (finally with distilled water), 
until litmus paper is no longer reddened by 
the washings : the water is then drained 
ofi^ and the entire layer is carefully trans- 
ferred to a quire of blotting-paper, and 
left there until the filters can be taken off 
singly withoutinjurv; they are then finally 
dried by exposing them to a gentle heat, 
either singly or placed in thin l aye rs be- 
tween sheets of blotting-paper. With the 
finer sorts of paper (Swedish) I prefer 
washing the filters in the funnel To 
this end they are first sprinkled with a 
little moderately diluted hydrochloric or 
nitric acid, and then thoroughly washed 
with water, finally with distilled water. 




Fig. 1. 



Filtering paper, to be con- 
sidered good, must, besides being pure, also let fluids pass readily through, 
yet completely retain even the finest pulverulent precipitates, such as 
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enlpbate of barytft, oxalate of lime, &c. Where a paper satiBfying these 
requirements cannot be readily procured it is advisable to keep two 
aorta, one of closer texture for the separation of very finely diTtded 
precipitates, and one of greater porosity for the speedy separation of 
grosaer particles. The funnels must be of glaaa or porcelain (§ 16, 10) ; 
they are usually placed on au appropriate stand, to keep them in a 
fixed position. The stand shown in Fig. 1 is particularly well adapted 
for the reception of the small-aized fiinnela used in qualitative analyses. 

M- 

5. Dkcantaiiou. 

This operation is ireqaently resorted to instead of filtration, in oasefl 
where the solid particles to be removed are of considerably greater 
specific gravity than the liquid in which they are suspended ; as they will 
in such cases speedily subside to the bottom, thereby rendering it easy " 
either to decant the anpematant fluid by simply inclining the vessel, or 
to draw it off by means of a syphon or pipette. 

In cases where filtration or decantation are resorted to for the purpose 
of obtaining the solid aubatance, the latter has to be freed afterwards by 
repeated washing from the liquid still adhering to it. This operation is 
termed washing or edulcoration. The washing of precipitatea collected 
on a filter is usually effected by means of a washing-bottle, such as is 
shown in Fig. 2. 

The drawing needs no elaborate explanation. The 
' outer end of the tube a is drawn out to a fine point. 
By blowing air into the flask through the other 
tube, a fine jet of water is expelled through a, with a 
certain degree of force, which is particularly well 
suited for washing precipitates. Washing-bottles 
of this construction afford also the advantage that 
they do equally well for washing with hot water. 
They are, for this purpose, and to enble the opera- 
tor to use them with the greater ease, either fur- 
nished with a handle, or with a double or treble 
coil of twine boun<^ tight round the neck. 

As the success of an analytical operation often 
depends absolutely upon the proper washing of a 
precipitate, it may as well he mentioned at once 
'Fig. 2. ^^^ ^^ operation ought never to be considered 

completed before the object of it has been fully at- 
tuned. And this is the case only when the precipitate has been abao- 
lotely freed from the fluid adhering to it The operator should, in this 
respect, never trust to mere belief or guessing, bat should always make 
quite sure by properly testing the last washings. With fixed bodies it 
generally suffices to slowly evaporate a drop of the last washings on 
platinum-foil, when complete volatilisation will show that the end in 
view has been fully attained, 

Tliere are four operations which serve to separate volatile sabsbuices 
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firom less volatile or from fixed bodies, viz., evaporation, distiUatian, 
ignition, and sublifncUion. The two former of these operations refer ex« 
dusivelj to fluids, the two latter exdusivelj to solids. 

§7. 

6. Evaporation. 

This is one of the most common operations in analytical chemistry. 
It serves to separate volatile fluids from less volatile or from flxed bodies 
(no matter whether solid or fluid), in cases where the residuary substance 
alone is of importance, whilst the evaporating matter is entirely disre- 
garded; — thus, for instance, we have recourse to evaporation for the 
parpose of removing from a saline solution part of the water, in order 
to bring about crystallization of the salt ; we resort to this process also 
for the purpose of removing the whole of the water of the menstruum 
from the solution of a non-crystallizable substance, so as to obtain the 
latter in a solid form, &o. The evaporated water is entirely disregarded 
in either of these cases, the only object in view being to obtain, in the 
former case a more concentrated fluid, and in the latter a dry substance. 
These objects are invariably attained by converting the fluid which is to 
be removed to the gaseous state. This is generally done by the applica- 
tion of heat ; sometimes also by leaving the fluid for a certain time in 
contact with the atmosphere, or with an enclosed volume of air constantly 
kept dry by hygroscopic substances, such as concentrated sulphuric acid, 
chloride of calcium, &c, ; or, lastly, in many cases, by placing the fluid 
in rarefied air, with simultaneous application of hygroscopic substances. 
As it is of the utmost importance in qualitative analyses to guard 
against the least contamination, and as an evaporating fluid is the more 
liable to this the longer the operation lasts, the process is usually con- 
ducted with proper expedition, in porcelain or platinum dishes, over the 
flame of a spirit or gas-lamp, in a separate place free from dust and not 
exposed to draughts of air. If the operator has no place of the kind, 
he must have recourse to the much less suitable proceeding of covering 
the dish ; the best way of doing this is to place over the dish a large 
glass funnel secured by a retort-holder, in a manner to leave sufficient 
space between the rim of the funnel and the border of the dish ; the 
funnel is placed slightly aslant, that the drops running down its sides 
may be received in a beaker. Or the dish may also be covered 
with a sheet of filter-paper previously freed from inorganic substances 
by washing with dilute hydrochloric or nitric acid (see § 5); were 
common and unwashed filter-paper used for the 
parpose, the sesquioxide of iron, lime, &c., con- 
tained in it would dissolve in the vapors evolved 
(more especially if acid), and the solution dripping 
down into the evaporating fluid would speedily 
contaminate it. These precautions are neces- 
sary of course only in accurate analyses. Larger 
quantities of fluid are evaporated best in glass ^^fS* ^• 

flasks standing aslant, covered with a cap of 

pure filtering paper, over a charcoal fire or gas; or also in tubular 
retorts with neck rising obliquely upward, and open tubulature. Evapo- 
rating processes at 212° are conducted in a suitable steam apparatus, or 
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in the water-bath shown in Fig. 3. Evaporation to dryness is not 
nsually conducted over an open fire, but generally either on the 
water-bath or the aand-bath, or on a heated iron plate. 

§ 8. 

' 7. DiSTILLATIOir. 

This operation serves to separate a volatile liquid from a less volatile 
or a fixed substance (no matter whether solid or fluid) where the object 
is to recover the evaporating fluid. In order to attain this end, it ia 
necessary to reconvert the liquid from the gaseous form in which it eva^ 
porates into the fluid state. A distilling apparatus consists consequently 
always of three parts, no matter whether separable or not. These three 
parts are — Ist, a vessel in which the liquid to be distilled is heated, and 
thus converted into vapor ; 2nd, an apparatus in which this vapor is 
cooled again or condensed^ and thus reconverted to the fluid state ; and 
Srd, a vessel to receive the fluid thus reproduced by the condensation of 
the vapor (the distillate). For the distillation of large quantities 




Fig. 4. 

metallic apparatus are used (also copper stills with head and condenser 
of tin), or large glass retorts ; in analytical investigations we generally 
employ the apparatus shown in Fig. 4. 

§ 9. 

8. Ignitzok. 

Ignition is, in a certain manner, for solid bodies what evaporation is 
with regard to fluids ; since it serves (at least generally) to separate 
volatile substances from less volatile or from fixed bodies in cases where 
the residuary substance alone is of importance. The process of ignition 
always presupposes the application of a high temperature, in which respect 
it diflers from drying or exsiccation. The form or state which the 
eliminated substance assumes on cooling — whether it remains gaseous, as 
in the ignition of carbonate of lime j or assumes the liquid state, as in 
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the ignition of hydrate of lime ; or solidifies^ as in the ignition of a 
mixture containing chloride of ammonium— is a matter of perfect indif- 
ference as regards the name given to the operation. 

The process of ignition is mostly employed, as has just been said, to 
effect the elimination of a volatile body. In ^me instances, however, 
subetances are ignited simply for the purpose of modifying their state^ 
without any yolatilizalaon taking place ; thus the sesquioxide of chro- 
mium is converted by ignition into the so*-oalled insoluble modification, 
&c In analytical investigations substances under examination are often 
ignited also, that the operator may from their deportment at a red heat 
draw a conclusion as to their nature in general, their fixity, their fusi- 
bility, the presence or absence of oiganic matter, &o. 

Crucibles are the vessels generally made use of in ignition* In ope- 
rations on a large scale Hessian or black-lead crucibles are used, heated 
by charcoal or coke ; in analytical experiments small-sized crucibles or 
dishes are selected, of porcelahi, platinum, silver, or iron, or glass tubes 
sealed at one end, according to the nature of the substances to be ignited; 
these crucibles, dishes, or tubes are heated over a Berzelms spirit-lamp 
or a properly constructed gas-lamp. 

§ 10. 

9. Sublimation. 

The term svMifruaion designates the process which serves to convert 
solid bodies into vapor by the application of heat, and subsequently to 
recondense the vapor to the solid state by refrigeration ; — the substance 
volatilized and recondensed is called a sublimate. Sublimation is conse- 
quently a disttUoHon of eolid bodies. We have recourse to this process 
mostly to effect the separation of substances possessed of different degrees 
of volatility. Its application is of the highest importance in analysis 
for the detection of certain substances, e, g, of arsenic. The vessels used 
in sublimation are of various shapes, according to the different degrees 
of volatility of the substances operated upon. In sublimations for ana- 
lytical purposes we generally employ sealed glass tubes. 

§ 11. 

10. Fusion and Fluxing. 

We designate by the term ^'fusion" the conversion of a solid substance 
into the fluid f«rm by the application of heat ; fusion is most frequently 
resorted to for the purpose of effecting the combination or the decompo- 
sition of bodies. The term '* fluxing^' is applied to this process in cases 
where substances insoluble or difficult of solution in water and acids 
are by fusion in conjunction with some other body modified or decom- 
posed in such a manner that they or the new-formed compounds will 
subsequently dissolve in water or acida Fusion and fluxing are con- 
ducted either in porpelain, silver, or platinum crucibles, according to the 
nature of the compound. The crucible is supported on a triangle of 
moderately stout platinum wire, resting on, or attached to, the iron ring 
of the B&rzelitM spirit-lamp or the gas-lamp. Triangles of thick iron 
wire, especially when laid upon the stouter brass ring of the lamp, carry 
off too much heat to allow of the production of very high temperatures. 
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Small qiiantities of matter are also often fused in glass tubes sealed at 
one end. 

Besort to fluxing is especially required for the analysis of the sulphates 
of the alkaline earths, and also for that of many silicatea The flux 
most commonly used is carbonate of soda or carbonate of potassa, or, 
better still, a mixture of both in equal atomic proportions (see § 77). 
In certain cases hydrate of baryta is used instead of the alkaline car- 
bonates. But in either case the operation is conducted in a platinum 
crucible. 

I have to add here a few precautionary rules for the prevention of 
damage to the platinum vessels used in these operations. No substance 
evolviDg chlorine ought to be treated in platinum vessels ; no nitrates of 
the alkalies, hydrate of potassa and soda, metals, or sulphides of metals 
or cyanides of the alkalies should be fused in such vessels ; nor should 
readily deoxidizable metaUic oxides, or salts of the heavy metals with 
organic acids be ignited in them, or phosphates in presence of organic 
compounds. It is also detrimental to platinum crucibles, and especially 
to their covers, to expose them direct to an intense charcoal Are, as the 
action of the ash is likely to lead to the formation of silicide of platinum, 
which renders the vessel brittle. It is always advisable to support pla- 
tinum crucibles used in ignition or fusion on triangles of platinum wire. 
Soiled platinum crucibles are cleaned by rubbing with wet sea-sand, the 
round grains of which do not scratch the metal. Where this fails to 
remove the stains the desired object may be attained by fusing bisulphate 
of potassa or borax in the crucible, boiling subsequently with water, and 
polishing Anally with sea-sand. 

We have still to speak here of another operation which bears some 
affinity to fusion, viz.— 

§ 12. 

11. Deflaobation. 

We understand by the term " defiagration^^ in a more general^ sense, 
every process of decomposition attended with noise or detonation — (the 
cause of the decomposition is a matter of perfect indiflerence as regards 
the application of the term in this sense). 

We use the same term, however, in a more restricted sense, to desig- 
nate the oxidation of a substance in the dry way, at the expense of the 
oxygen of another substance mixed with it (usually a nitrate or a chlo- 
rate), and connect with it the idea of a sudden and violent combustion 
attended with vivid incandescence and noise or detonation. Deflagra- 
tion is resorted to either to produce the desired oxide — ^thus sulphide of 
arsenic is deflagrated with nitrate of potassa to obtain arsenate of potassa; 
— or it is applied as a means to prove the presence or absence of a cer- 
tain substance — thus salts are tested for nitric or chloric acid by fusing 
them in conjunction with cyanide of potassium, and observing whether 
this process will cause deflagration or not, <&c. 

To attain the former object the perfectly dry mixture of the substance 
under examination and of the deflagrating agent is projected in small 
portions at a time into a red-hot crucible. Experiments of the latter 
description are invariably made with very minute quantities ; the pro- 
cess is in such cases best conducted on a piece of thin platinum foil, or 
in a small spoon. 
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12. The Use of the Blowpipe. 

Thia operation belongs eictusively to the province of analytical ohe- 

miBtry, and ia of paramount importance in many analytical proceasen. 

We have to examine here, 1, the apparatus reqairod j 2, the mode of its 

application J and, 3, the results of the operation. 

The blowpipe (Fig. 5) is a small instrument, usually made of brass or 
Oerman silver. It waa origiDally used by metallnrgiata for the purpose 
of soldering; wheoce it derived the name of " solder- 
ing pipe" (ittfAroAr) by which the Qermana desig- 
nate it. It conaists of three distinct parts; viz. 
1st, a tube (a b), fitted, for greater convenience, 
with a horn or ivory mouthpiece, through which 
air is blown from the mouth j 2nd, a small cylin- 
drical vessel (c d), into which a b ia screwed air- 
tight, and which serves as an air-charaber and to 
retain the moisture of the air blown into the tube; 
and 3rd, a smaller tube (/g>), also fitted into the 
vesael (c d). Tliia amall tube, which forma a right 
angle with the lai^r one, is fitted at its aperture 
ntber aimply with a finely perforated platinum 
plate, or more conveniently with a finely perfo- 
rated platinnra cap (Jt), screwed in air-t^ht. The 
coQstruction of the cap is shown in Fig. 6. It is, 
indited, a little dearer than a simple plate, but 
it is also much more durable. If the opening of 
the cap gets stopped up, the obstruction may gene- 
rally bo removed by heating it to redneaa before 
the blowpipe. 

The proper length of the blowpipe depends npon 
the distance to which the operator can see with distinctness ; it is usually 
from twenty to twenty-live oeutimetree. The form of tbe mouthpieces 
varies. Some chemists like them of a shape to be encircled by the lips ; 
otbera prefer the form of a trumpet mouthpiece, which ia 
only pressed against the lips. The latter require less 
exertion on the part of the operator, and are aocordingly 
generally chosen by those who have a great deal_ of blow- 
pipe work. 

The blowpipe serves to conduct a continnona fine cur- 
rent of Eur into a gas-fiame, or into the fiame of a candle 
or lamp, or sometimes into a spirit-of-wine flame. The 
flame of a candle (and equally so that of gaa or of an oil 
lamp), burning under ordinary circumstances, is seen to 
consist of three distinct parts, as shown in Fig. 7, viz., 
lat, a dark nucleus in the centre (a); 2nd, a luminous 
cone surrounding this nucleus (e/ g); and, 3rd, a feebly 
luminous mantle encircling the whole fiame (b e d). The 
dark nucleus is formed by the gases which tbe heat evolves 
from the wax or fat, and which cannot bum here for 
want of oxygen. In tbe lumiuons cone these gases come 
in contact vrith a certain amount of air insufficient for their complete 
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combustion. In this part^ therefore, it is principally the hydrogen of 
the carbides of hydrogen evolved which burns, whilst the carbon sepa- 
rates in a state of intense ignition, which imparts to the fl^me the 
luminous appearance observed in this part. In the outer coat the 
access of air is no longer limited, and all the gases not yet burned are 
consumed here. This part of the flame is the hottest, and the extreme 
apex is the hottest point of it. Oxidi^able bodies oxidize therefore 
with the greatest possible rapidity when placed in it, since all the con- 
ditions of oxidation are here united, viz. high temperature and an unli- 
mited supply of oxygen. This out^ part of the flame is therefore called 
the oocidisising flame. 

On the other hand, oxides having a tendency to yield up their oxygen 
suffer rechtction when placed within the Ivanviwus part of the flame, the 
oxygen being withdrawn from them by the carbon and the still uncon- 
sumed carbide of hydrogen present in this sphere. The luminous part 
of the flame is therefore called the reducing flemie. 

Now the effect of blowing a fine stream of air across a flame is, first, 
to alter the shape of the flame, as, from tending upward, it is now- 
driven sideways in the direction of the blast, being at the same time 
lengthened and narrowed ; and, in the second place, to extend the sphere 
of combustion from the outer to the inner part. As the latter circum- 
stance causes an extraordinary increase of the heat of the flame, and 
the former a concentration of that heat within narrower limits, it is easy 
to understand the exceedingly energetic action of the blowpipe flame* 
The way of holding the blowpipe and the nature of the blast will always 
depend upon the precise object in view, viz., whether the operator wants 
a redvAsiTig or an oxidiamg flame. The easiest way of producing most 
efficient flames of both kinds is by means of coal-gas delivered from a 
tube terminating in a flat top with a somewhat slantingly downward* 
turned slit 1 centimetre long and 1^ to* 2 millimetres wide; as with the 
use of gas the operator is enabled to control and regulate not only the 
blowpipe flame, but the gas stream also. The task of keeping the blow- 
pipe steadily in the proper position may be greatly facilitated by firmly 
resting that instrument upon some moveable metallic support, such as, 
for instance, the ring of B-unsen^s gas-lamp for supporting dishes, J^ 




Fig. 8. 

Fig. 8 shows the flame for reducing, Fig. 9 the flame for oxidizing. 
The luminous parts are shaded. 



THE USB OF THB BLOUfPIPB. 15 

The reducing flame is produced by keeping the jet of the blowpipe 
just on the border of a tolerably strong gas flame, and driving a moderate 
blast across it. The resulting mixture of the air with the gas is only 
imperfect, and there remains between the inner bluish part of the flame 
and the outer bar^y visible part a luminous and reducing zone, of which 
the hottest point lies somewhat beyond the apex of the inner oone^ To 
produce the oxidizing flame, the gas is lowered, the jet of the blowpipe 
pushed a little further into the flame, and the strength of the current 
somewhat increased. This serves to effect an intimate mixture of the 
air and gas, and an inner pointed, bluish cone;, slightly luminous towards 
the apex is formed, and surrounded by a thin, pointed, light-bluish, 
barely visible mantle. The hottest part of the flame is at the apex of the 
inner cone. Difficultly fusible bodies are exposed to this part to ^ect 
their fusion ; but bodies to be oxidized are held a little beyond the apex, 
that there may be no want of air for their combustion. An oil-lamp 
with broad wick of proper thickness may be used instead of gas; a thick 
wax-candle also will do. For an oxidizing flame a small spirit-lamp 
will in most oases answer the purpose. 




Fig. 0. 

The cwrrerU is produced with the cheek muscles alone, and not with 
the lungs. The way of doing this may be easily acquired by practising 
for some time to breathe quietly with puffed-up cheeks and with the 
blowpipe between the lips; with practic6 and patience the student will 
soon be able to produce an even and uninterrupted current. 

The supports on which substances are exposed to the blowpipe flame 
are generally either wood charcoal, or platinum wire or foil. 

ChMreoal supports are used principally in the reduction of metallic 
oxides, &c, or in trying the fusibility of bodies. The substances to be 
operated upoti are put into small conical cavities scooped out with a 
penknife or with a little tin tube. Metals that are volatile at the heat 
of the reducing flame evaporate wholly or in part upon the reduction of 
their oxides ; in passing through the outer flame the metallic fumes are 
re-oxidized, and the oxide formed is deposited around the portion of 
matter upon the support. Such deposits are called incrustations. Many 
of these exhibit characteristic colors leading to the detection of the 
metal& Thoroughly-burnt pieces of charcdtl only should be selected 
for supports in blowpipe experiments, as imperfectly-burnt pieces are apt 
to spirt and throw off the matter placed on them. The chieircoal of the 
wood of the pine, linden, or willow, is greatly prefbrable for supports to 
that of harder and denser woods. Smooth pieces ought to be selected 
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for supports, as knotty pieces are apt to spirt when heated, and to threw 
off the matter placed on them. The most convenient way is to saw the 
charcoal of well-seasoned and straight-split pinewood into parallelo- 
pipedic pieces, and to blow or brush off the dust ; they may then be 
handled without fear of soiling the hands. Those sides alone are used 
on which the annual rings are visible on the edge, as on the other sides 
the fused matters are apt to spread over the surface of the charcoal 
{Berzeiiibs). 

The properties which make charcoal so valuable as a material for sup- 
ports in blowpipe experiments are — 1st, its infusibility ; 2nd, its low 
conducting power for heat, which permits substances being heated 
more strongly upon a charcoal than upon any other support ; 3rd, its 
porosity, which makes it imbibe readily fusible substances, such as 
borax, carbonate of soda, <&c., whilst infusible bodies remain on the sur- 
face ; 4th, its power of reducing oxides, which greatly contributes to 
effecting the reduction of oxides in the inner blowpipe flame. 

We use platinum wire^ and occasionally also plcUirmm foil, in all 
oxidizing processes before the blowpipe, and also when fusing substances 
with fluxes, with a view to try their solubility in them and to watch 
the phenomena attending the solution and mark the color of the bead ; 
lastly, also to introduce substances into the flame, to see whether they 
will color it. 

The wire, which should be about the thickness of lute-strings, is cut 
into lengths of 8 centimetres, and each length twisted at both ends into 
a small loop (Fig. 10). 
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Fig. 10. 

When required for use, the loop is moistened with a drop of water, 
then dipped into the powdered flux (where a flux is used), and the por- 
tion adhering exposed to the flame of a gas- or spirit-lamp. When the 
bead produced, which sticks to the loop, is cold it is moistened again, 
and a small portion of the substance to be examined put on and made to 
adhere to it by the action of a gentle heat. The loop is then Anally exposed, 
according to circumstances, to the inner or to the outer blowpipe flame. 

What renders the application of the blowpipe particularly useful in 
chemical experiments is the great expedition with which the intended 
results are attained. These results are of a twofold kind, viz., either 
they afford us simply an insight into the general properties of the exa- 
mined body, and enable us accordingly only to determine the class to 
which it belongs, i,e., whether it is fixed, volatile, fusible, &c. ; or the 
phenomena which we observe enable us at once to recognise the par- 
ticular body which we have before us. We shall have occasion to de- 
scribe these phenomena when treating of the deportment of the different 
substances with reagents. 

As in the use of the blowpipe one hand is always necessarily engaged, 
and the production of a continued blast requires practice and some slight 
exertion, and as, lastly, it is not very easy to maintain the blowpipe flame 
always steadfastly, so that the substances exposed to it are invariably 
and always undeviatingly kept in the desired parts of the flame, many 
chemists have long been endeavouring to devise some self-acting ^blow- 
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pipe appaiTatus, and many contrivanees of the kind have been proposed 
and have found favor. In aome of them the air-ourrent is produced by 
means of a gasometer, in others by means of a caoutchouc balloon, in 
others again by a species of hydrostatic blast, <be. But the simplest 
pelf-acting blowpipe apparatus, by which most of th.e objects attainable 
with the blowpipe may be most suitably and conveniently accomplished, 
is the flame of a BunserCa gas-lamp, which burns without luminosity 
and without soot. A desoription of this lamp follows in the next 
paiagraplu 

§ u. 

13. The TJwr of Lambs, pabtioulably of Gas-lamps. 

As we have to deal in analytical chemistry mostly with smaller 
quantities of matter only, we uae in processes of qualitative analysis 
requiring the application of heat, such as evaporation, distillation, igni- 
tion, dec., generally lamps, either spirit'-lamps or, where coal-gas is obtain- 
able, most advantageously, gas-lamps. 

Of spirU-lamps there are two kinds in use, viz., the simple spirit-lamp, 
as shown in "Fig. 13, and the Berzelivs lamp with double draught (Fig. 
11). In the construction of tha latter lamp it should be borne in mind 
that the part containing the wick and the vessel with the spirit must be 
in separate pieces, connected only by means of a narrow tube j otherwise 
troublesome explosions are apt to occur in lighting the lamp. Nor 
should the chimney be too narrow, or the stopper fit air-tight on the 
mouth through which the spirit of wine is poured in. A lamp should 
he selected that may be readily moved up and down the pillar of the 





Fig. 12. 




Fig. U. 



Fig. 18. 



stand, which must be fitted with proper brackets, and also with a move- 
able brass ring to support dishes and flasks in processes of ebullition, and 
a ring of moderately stout iron wire to support the triangle for holding 
the crucibles in the processes of-ignition and fusion. 
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Of tbe various forms of lunpe ia use, the ooe ihown in !E1g. 11 is tlifl 
most suitable and el^ant. Fig. 12 shows a triangle of platinnm wire 
fixed within an iron, wire triangle ; thia serves to support the crucible 
in processes of ignition. Glass vessels, more particularlj beakers, which 
it is intended to heat over the lamp, are most conveniently rested on a 
circular piece of gauze made of fine iron wire such aa is used in making 
sieves of medium fineness. 

Of the many gaa-latnps {n^posed, Surir 
sen's, as shown in its Biniplest form in 
Figs. H and 15, is the most convenient. 
a & is a foot of cast iron measuring 7 cen- 
timetres in diameter. In the centre of 
this is fixed a square brass box, c d, which 
slightly slaDts towards the top ; the sides 
of this box are 35 millimetres high and 
16 miUimetres wide; it has a cylindrio 
cavity of 12 millimetres deep and 10 mil- 
limetres in diameter. Each side of the 
box has, 4 millimetres from the upper 
rim, a circular aperture of 8 millimetres 
diameter, leading to the inner cavity. 
One of the sides has fitted into it, 1 milli- 
metre below the circular aperture, a tnbe 
over which is drawn vulcanized india- 
rubber which serves to convey the gas 
to the apparatus. This tube a turned 
in the shape shown in Fig. \i ; it has 
a bore of 4 millimetres diameter. The 
^ gas conveyed into it through the india- 

' rubber re-issues from a tube placed in the 
centre of the cavity of the box. This 
^- I^' tube, which is 4 mUlimetres thick at the 

top, thicker at the lower end, projects 3 
millimetre above Hie rim of the box ; the gas issues from a narrow- 
opening which appeare formed of 3 radii of a circle, inclined to 
each other at an angle of 130°. The length of each radius is I miUi- 
metre ; the openiog of the alit is ^ millimetre wide ; e y is a brass tnbe 
90 millimetres long, open at both ends, and having an inner diameter of 
9 millimetres ; the screw at the lower end of this tube fits into a nut 
in the upper part of the cavity of the box. With this tube screwed in, 
the lamp is completed. On opening the stop-cock the gas rushes from 
the trifid slit into the tube e f, where it mixes with the lur coming in 
through the circular apertures (e). When this mixtui'e is kindled at^ 
it bums with a straight, upright^ bluish flame, entirely free (i-nm soot, 
which may be regulated at will by opening the stop-cock more or leas \ 
a partial opening of the cock suffices to give a flame fully answering the 
purpose of the common simple spirit-lamp ; whilst with the full stream 
of gas turned on, the flame, which will now rise up to 2 decimetres in 
height, burning with a roaring noise, affords a moat excellent 
substitute for the Eerzetius lamp. If the flame is made to burn 
very low, it will often occur that it recedes ; in other words, that 
instead of the mixture of gas and air burning at the mooth of 
the tube e f, the gas takes fire on issuing from the slit, and bums 
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below in the tabe. This defect may be perfectly obviated by covering th« 
tube « / at the top with a little wire cap. Flasks, Ac,, which it is 
intended to heat over the gaa-lamp, are most canveniently supported on 
wire gaoze. If it is wished 
to use the gas-l&mp for blow- 
pipe operationi^ the tube g h 
mnst be inserted into «f; this 
tnbe terminates in a flattened 
top slanting at an angle of 
6tt° to tlie axis, and having 
an opening in it 1 centi- 
metre long and 1^ to 2 milli- 
metrea wide. The insertion 
of g h into a/ serves to close 
up the ur-holes in the box, 
and pure gas, burning with a 
luminous flame, issues accord- 
iugly now &om the top of the 
tnbe. Elg. 15 ahows the ap- 
paratus complete, fixed in the 
fork of an ' iron stand ; this 
arrangement permits the lamp 
being mored backward and 
forward between the prongs 
of the fork, and up and down 
the pillar of the stand. The 
moveable ring on the same 
pillar serves to support the 
objects to be operated upon. 

The 6 radii round the tube 
of the lamp serve to support 
an iron-plate chimn^ (see Fig. 16), i 
titative analyses. 

To heat omdbles to the brightest red heat, 
or to a white beat, the gaa-blast is resorted to. 
But even without this the action of the gas- 
lamp may be oonsiderHfaly heightened by 
heating the crucible within a small day for- 
naoe, as recommended by 0. L, EiiiWASif. 
fig. 16 shows the simple contrivance by 
whjch this is effected. The furnaces are 
115 millimetres high, and measure 70 milli- 
metres diameter in the clear. The thickness 
of material is 8 millimetres, 

Btmset^ has devised abo a somewhat im- 
proved form of his lamp, to fit it for processes Fig. IS. 
of reduction, oxidation, fusion, and volatiliza- 
tion, and also to serve as a substitute for the blowpipe-blast. (See 
Fig. 17). 

]%e illustration shows the part a, which is fitted for screwing on and 
off; also the conical iron-pUte chimney, h, which is 30 millimetres 

 Ana, d. Cheni. n. Fbsnn., iii. 257. 




r a porceltun plate used in quan- 
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wide at the top, sod 55 mOIimetres ai 
the bottom, and reata on the aupportera c coe 
in aoch a mauDer that the bnmer-tabe d is 
placed in the axis of the chimney and ends 46 
millimetrea below Uie upper mouth of the lat- 
ter. As this conBtructioD, tm the one hand, 
permits an bbbj regulation of the access of air, 
the chimney, on tlie other hand, ensures a 
tall, steady, and evenly-bamiug &me of the 
shape shown m the illustration. Looking atten- 
tiyely at the flame in the illustration, wo 
distinguifib in it an inner part and two mantles 
Burrounding it. The inner part corresponds 
to the dark nucleus of the common oaodlc, oil 
or gas flame, and contains the mixture of gas 
and air iaaning from the burner. If the gas- 
oock is so adjusted that the apex of the inner 
part of the flame is on an exact level with the 
upper mouth uf the chimney, a flame is obtained 
of perfectly constant dimensions, which remains 
quite steady, and is sharply defined in its parts, 
and may also, at all times, be reproduced in 
exactly the same condition. The mantle imme- 
diately surrounding the inner part contains still 
some unconsumed carbide of hydrogen ; the 
Fig. 17. outer mantle, which looks bluer and less lumi- 

nous, consists'of the last products of combustion. 
The hottest part of the flame has, according to BunBen'e calculation, a 
temperature of 2300° centigrade (4173° Fahrenheit) This hottest part 
lies in the mantles surrounding the inner |»rt of the flame, in a zone 
extending a few millimetres upwards and downwards from the transverse 
section of the flame across the apex of the inner part. We will term this 
region the www o/fusum, Bcnbkh calls it the " Schmelzrarum." It serves 
to try the deportment of bodies at a temperature of about 2300° centigra^Ie 
(4172" Fahrenheit.) The outer maigiti of this zone of fusion acta as 
oaddiiAng jUnne, the inner part of it as reducing flame. The spot where 
the reducing action is the most powerful and energetic lies ioimediately 
above the ^pex of the inner part of the flame. The flame of this lamp 
is most admirably suited to bring out tbe coloration which many sub- 
stances impart to flames, and by which tbe attentive observer is enabled 
to detect many bodies, even though pres^it in such exceedingly minute 
traces that all other known means of detection fail to discover them. 
The subject of tbe coloration of flames will be discussed more fully in 
the next paragraph. Here we will simply state, in addition, that the 
substitution of the gas-flame in lieu of the blowpipe afibrds the great 
advantage that the samples for examination may be placed, by means of 
a holder, in any desired part of the flame, and kept there quite fixed and 
immoveable. A holder of tbe kind required is shown iu Fig. 18. 

The arm a is easily moved along the pillar e by means of the spring slide 
h. The glass tube d, which bears, fuaed into its sealed end, a platinum 
wire about 0.145 millimet thick, with the outer eod twisted into a small 
loop, is pushed over the horizontal arm a. If this loop is moistened, and 
then dipped into the powder of the substance to he examined, a portion 
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o£ the powder adheres to it If 
this loop is now held near the 
flame, the powder agglutinates or 
fiiaesy and sticks £aat to the loop, 
which is then thrust into the desired 
part of the flame. Decrepitating 
substances must preyiouslj be ig-> 
nitedin aooyered platinum crucible* 
If fluids are to be examined, with a 
Tiew to ascertain wheth^ they 
hold flame-eoloring substances in 
solution, the round loop of the 
platinum wire is flattened by a 
few blows with the hammer into 
the Bha^ of a platinum riog. If 
this is dipped into the fluid to be 
examined, and taken out again, 
there remains adhering to the 
inner circle a drop of the liquid. 
This is eyi^rated by holding the 
loop near the flame, taking care, 
however, to keep the liquid from 
boiling, and the residue is then 
examiued by tiirusting the loop 
into the zone of fiifii(»L (Bunbbk). 



$ 15. 




Fig. 18. 
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AND Spectrum Analysis. 

Many substances have the property of coloring a colorless flame in a 
very remarkable xoauner. As most of tliese substances impart each of 
them a diflerent and distinct, and accordingly characteristic, tint to the 
flame, the obseryation of this colorization oi flame affords an excellent, 
easy, and safe means of detecting many of these bodies. Thus, for 
instance, salts of soda impart to flame a yellow, salts of potassa a violet, 
salts of lithia a carmine tint» and may thus be easily distinguished from 
each other. 

The flame of Bunsen's gas-lamp, with chimney, de^qribed in § 14, and 
shown in Fig. 17, is more particularly suited for observations of the 
kind. The substances to be examined are put on the small loop of a fine 
platinum wire, and thus, by means of the holder shown in Fig. 18, 
placed within the zone of fusion of ^be gas-flama A particularly 
striking coloration is imparted to the flame by the salts of the alkalies 
and alkaline earths. If diflerent salts of one and the same base are com- 
pared in this way, it is found that every one of them, if at all volatile at 
high temperatiu^s, or permitting at least the volatilization of the base, 
imparts the same color to the flame, only with different degrees of 
intensity, the most volatile of the salts producing also the most intense 
colorization; thus, for instance, chloride of potassium gives a more 
intense coloration thaji carbpnate of potassa, and this latter again a 
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more intenae one thciii silicate of potasaa. In the case of difficult! 
volatile componndg, the coloration of the flame may often be brough 
about, or made more apparent, by adding some other body which has thi 
power of deoompoeing the oompoand nnder examioation. Thus, foi 
iDstanoe, in silicates containing only a few per oents of potaaaa, the latte'i 
body cannot be directly detected by coloration of flame ; bat this deteo- 
tton may be accomplished by adding to the silicate a little pure gypaum, 
as this will oanse formation of silicate of lime and of aufficiently volatile 
sulphate of potaesa. 

But however decislTe a test the mere coloration of flame affords 
for the detection of certain metallic compounds, when present unmixed 
■with others, this teet becomes apparently quite useless in the caae of 
mixtures of compounds of several metals. Thus, for instance, mixtures of 
salts of potassa and soda show only the soda flame, mixtaree of salts of 
baryta and strontia only the baryta flame, &o. This defect may be 
remedied, however, in two ways, with the most surprising success. Soth 
ways have only qnite recently been diBoovered. 

The one way, started first by Cartueli,* and perfected afterwards "by 
BuNSBNt and by Mekz,| consists in looking at the oolored flame through 
some colored medium (colored glasses, indigo solution, &c.). Such 
coloured media, in efl[aoing the flame coloration of the one metal, bring 
out that of the other metal mixed with it. For Instance, if a mixture of 
» salt of potasMi and a salt of soda is exposed to the flame, the latter will 
only show the yellow soda coloration ; but if the flame be now looked at 
through a deep-blue-tinted cobalt glass, or through solution of indigo, 
the yellow soda coloration will disappear and will be replaced by the 
violet potassa tint. A simple apparatns anffices for all obBervations and 
experiments of the kind ; all that is required for the purpose being, — 

1, A hollow prism (see Fig. 19) composed of mirror plates, the cbief 
flection of which forms a triangle with two sides of ISO millimetres, and 
one side of S5 millimetres length. * 



Fig. 19. 

The indigo solution required to fill this priam is prepared by dissolving 
1 part of iodigo in 8 parts of fiuning sulphuric acid, adding to the solntion 

1800-2000 parts of water, and filtering the fluid. When nsing this 
apparatus, the prism is moved in a horizontal direction close before the 
eyes in such a way that the rays of the flame are made to penetrat* ano" 
cessively tSticker and thicker layers of the effiicing mediunL 

2. A blue, a violet, a red, and a green glass. The blue glass is tinted 
with protoxide of cobalt ; the violet glass with sesqnioxide of mui' 
ganese ; the red glass (partly colored, partly nncolored) with suboxide 
of copper ; and the green glass with Bcsquioxide of iron and protoxide of 

• Phil. Mag., 
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eopper. The oommou colored glasses sold in the shops for omament- 
ing windows, wlII generally be found to answer the purpose. As 
regards the tints imparted to the flame by the different bodies, when 
Tiewed through the aforesaid media, and their combinations, by which 
these bodies are severally identified, the information required will be 
found in Section III., in the paragraphs treating of the several bases and 
wnds. 

The other metiiod, which is called SpecSrwn Attalyais, was discoTered 
by KiBCHHOFT and Bunseit. It consiato in letting the rays of the colored 
flame pass first through a narrow slit, then through a prism, and ob- 
■eiring the so refracted rays through a. telescope. A distinct spectmm 
is thus obtained for every flame-coloring metal : this spectrum consists 
either, as in the case of baryta, of a number of colored linee lying side by 
side ; or, as in the case of tithia, of two separate, differently- colored lines ; 
or,aa in theoaseof soda, of a single yellow line. These spectra are charac- 
teristic in a double sense — viz., the Bpectmm lines have a distinct color, 
and they occupy also a fixed position. 

It is this latter circumstance which enables us to identify without 
difficulty, in the spectrum observation of mixtures of flame-coloring 
metals, every individual metoL Thus, for instance, a flame in which a 
mixture of potassa, soda, and litbia salts & evajionkte^. will give, side by 
nde, the spectra of the several metals in the most perfect purity. 

KiBCHHOPr and Bonsbn have constructed two kinds of apparatus, 
which are both of them suited for spectrum observation, and enable the 
operator to determine by measure the spots in which the speotram lines 
make their appearance. Both are constructed upon the same principle. 
A description, with illustration, of the larger of the two, which is also 
the most perfect one, has been published in Poggendorff'a " Annalen," 
113, 374, and in the "Zeitechrift iiir Analytische Chemie," 1862, 49. 




Fi^. 20 a. 
The imaller, more^wmple,[and accordingly cheaper apparatus, which 
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suffices for all common purposes, and will probablj be iisecl i»o£ 
ia chemical laboratories, we will describe here. It is sho^wn. i: 
Fig. 20 a. 

A is an iron disk, in the centre of which a prism, with cmmlar re 
fractiiig faces of about 25 millinietres diameter, is fsustened by a bonv 
which presses upon the upper hce of the prism, and is seeufed below t< 
the iron plate by a screw. The same disk has also firmly fastened to ii 
the three tubes B, C, and D. Each of these tubes is soldered to a meta] 
block, of which Fig. 20 b gives an enlarged represeutation. This block 
contains the nuts for two screws, which pass through wider openings ix) 
the iron plate, and are firmly secured beneath when the tube has been 
adjusted in the proper position. B is the observation telescope ; it has 
a magnifying powet of about 6, with an object-glass of 20 millimetres 
diameter. The tube is closed at one eud by a tin-foil disk^ into 
which the perpendiculat slit is out throtgh which the light is 
admitted. The tube D carries a photographic copy of a millimetre- 
scale, produced in the camera obscura on a glass plate of about one* 
fifteenth the original dimensionB. This scale is covered with tin- 
foil, with the exception of the narrow strip upon which the divisional 
lines and the numbers are ^igraved. It is lighted by the flame of a 
taper or candle placed close beHind it^ The axes of the tubes B and D 
are directed, at the same inclination, to the centre of one faee of the 
prism, whilst the axis of the tube is directed to the centre of the 
other face of the prism. This arrangement makes the spectra produced 
by the refraction of the colored light passing through C, aud the image 
of the scale in D produced by total reflection appear in one and the^ 
same spot, so that the positions occupied by the B{>eetrum lines may bd 
read off on the scale. The prism is placed in about that position in 
which ther6 is a minimum divetgencie of the ra^s of the sodium lilie I 
and the telescope is set in that direction in which the red and the violet 
potassium lines are about equidistant from the middle of the field of 
view. The colorless flame into which the flame-coloring bodies are to be 
introduced, is placed 10 centimetres ft^m the slit. Buksen's lamp de- 
scribed page 19, and shown is. Fig. 17, gives the best flame. The lamp 
is adjusted so as to place the upper border of the chimney about 20 mil- 
limetres below the lower efla of the slit. When this lamp has heen 
lighted, and a bead of substance — «ay of sulphate of potassa, for instance — 
introduced into the zone of fusioti by means of the holder described 
page 20, and shown in Fig. 18^ the iron disk of the spectrum apparatus, 
which, with all it carries, is tnoVeable round its vertical axis, is turned 
until the point is reached whe^ the luminosity of the spectrum is the 
most intense. 

To cut ofi^ foreign light in all spectrum observations, a black cloth, with* 
three circular openings in it for the three tubes, is thrown over the 
prism and the tubes. The spectra pi'oduced by the alkalies and the 
alkaline earths are shown in Table I., Fig. 1. The solar spectrum has 
been added simply as a guide to the position and bearings of the lines. 
The spectra are represented as they appear in the apparatus furnished 
with an astronomic telescope. In the third section, in the chapters 
treating of the several bodies, attention will be called to the lines which 
are most characteristic for each metaL Here I will simply state the 
manner in which the highest degree of certainty is imparted to spectrum 
analysis. This, is done by exposing the beads of the pure and unmixed 
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metallie compounds to the flame, and marking on copied scales the posi- 
tion which the most striking spectrum lines occupy on the scale of the 
apparatus, in the manner shown, hy way of illusteition, in Tahle I.| 
Fig. 2, wiUi regard to the strontium spectrum. It is self-evident that the 
spectrum of an unknown suhstance can only pass for the strontium 
spectrum, if the characteristic lines not only agree with those of the 
latter in point of color, but appear also in exactly the same position 
where they are marked on the strontium scale. 

The drawings of such scales every operator must, of course, make for 
lis own apparatus ; and they become useless for the intended purpose 
if any alteration is made in the position of the prism or the scale. It is 
therefore alwavs advisable to set the apparatus so ,that it can be easily 
readjusted to its original position, which is most readily done by making 
the left border of the sodium line coincide with the number 50 of the 
scale. 

With the introduction of spectrum analysis a new era has, in many 
tespects, begun for chemical analysis, as by means of this discovery we 

can detect such minute quantities of bodies as by no other method. 

Spectrum analysis is marked moreover by a certainty above all douib^ i j . ' 
and gives results in a few seconds, which could formerly be obtfJfned 
only, if at all, in hours or days. I ' ^ 




APPENDIX TO SECTION L 

§16. 

Apparatus and Utensils. 

As many students of chemical analyas might find some difficulty in 
the selection of the proper apparatus, <fec., I append here a list of the 
articles which are required for the perfoimance of sim^^e experiments 
and investigations, together with instructions to guide the student in the 
purchase or making of them. 

1. A Bebzbuus Spirit Lamp (§ 14, Fig. 11). 

2. A Glass Spirit Lamp (§ 14, Fig. 13). Or, instead of these two, 
where coal-gas is procurable, a Bv/naeifCs Gas-lamp, best one with chaplet 
and chimney (§ 14, Figs. 14, 15, and 17). 

3. A BLOWPIPE (see § 13). 

4. A PLATINUM CRUCIBLE. Select a crucible which will contain about 
a quarter of an ounce of water, with a cover shaped like a shallow dish ; 
it must not be too deep in proportion to its breadth. 

5. Platinum foil, as smooth and clean as possible, and not very thin : 
length about 40 millimetres ; width about 26 millimetres. 

6. Platinum wire (see § 13 and § 14, Figs. 10 and 18). Three 
stronger wires and three finer wires are amply sufficient. They are 
kept most conveniently in a glass filled with water, most of the beads 
being dissolved by that fluid when left in contact with it for some time ; 
the wires may thus be kept always clean. 
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7. A STAND wiia TWELVE TB9T T0BB8 — 16 to 18 centimetrea is sbont 
the proper leugttt of the tubes, from 1 to 2 centimetrea the proper width. 
The tabes most be made of thin white gkas, and bo well annealed that 

they do DOt crack even 
though boiling water be 
poured into them. The 
rim must be quite round, 
aud slightly turued over; 
it ought not to have a 
lip, as this is useless and 
siniply prevents the tube 
being cloaely stopped 
with the finger, aud also 
shaking the contents. 
The stand shown in 
Fig. 21 will be found 
most suitable. The pegs 
on the upper shelf serve 
for the clean tubes, which 
may thns be always 
^- 21. kept dry and ready for 

8. Sbvx&al beaxeb olasseb abd sifAiJ. SETORTe of thin, well annealed 
glass. 

9. Several poboblain kvapobatiso dishes, ahd a variety of sxall 
PORCELAIN 0BUCIBLE8. Those of the royal maiiufftctnre of Berlin are 
unexceptionable, both in shape and durability. Meissen porcelain will 
also answer the purpose. 

10. Several qlass funkelb of various sizes. They must be inclined 
at au angle of 60°, and merge into the neck at a definite angle. 

11. A WASBQIQ BOTTLI of a capacity of from 300 to 400 cubio oenti- 
metree (see J 6). 

12. Sbvbbal glass bods and olabb tdbes. The latter are bent, drawn 
out, &0., over a Berzelius spirit-lamp; the former are rounded at the 
ends by fusion. 

13. A selection of WATOH-OLASSJBB. 

14. A small AGATB HOBTAB. 

15. A pair of small btbbl or bbabb fincbbs, about four or five inches 
long. 

16. A WOODEN HLTBRING STAND (see § 5). 

17. A TBiPOD of thin iron, to support the dishes, &e., which is in- 
tended to heat over the small spirit or gas lamp. 

18. The Colored Glasses described in § 16, especially blue aud green. 
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SECTION 11. 

REAGENTS. 

§ 17. 

A VARIETY of phenomena may manifest themselves upon the decom- 
position or combination of bodies. In some caaes liquids change their 
color, in others precipitates are formed j sometimes effervescence takes 
place, and sometimes deflagration, <fec. Now if these phenomena are 
very striking, and attend only upon the action of two definite bodies 
upon one another, it is obvious that the presence of one of these bodies 
may be detected by means of the other : if we know, for instance, that a 
white precipitate of certain definite properties is formed upon mixing 
baryta with sulphuric acid, it is clear that, if upon adding baryta to any 
liquid, we obtain a precipitate exhibiting these properties, we may con- 
dude that this liquid contains sulphuric acid. 

Those substances which indicate the presence of others by any striking 
phenomena are called rectgenta. 

According to the different objects attained by the application of these 
bodies, we make a distinction between general and epedcU reagents. By 
general reagents we understand those which serve to determine the dose 
or group to which a substance belongs ; and by epecicU reagents those 
which serve to detect and determine bodies individually. That the line 
between the two divisions cannot be drawn with any degree of precision, 
and that one and the same substance is often made to serve both as a 
general and a special reagent, cannot well be held a valid objection to 
this daasification, which is in feet simply intended to induce a habit of 
employing reagents always for a settled purpose— viz., either simply to 
find out the group to which the substance under examination belongs, 
or to determine the latter individually. , , 

Now whilst the usefulness of general reagents depends principally 
upon their efficiency in strictly characterizing groups of bodies, and often 
effecting a complete separation of the bodies belonging to one group from 
those belonging to another, that of spedal reagents depends upon their 
bemg characteristic and smeitive. We call a reagent characteristic, if the 
alteration produced by it, in the event of the body tested for being pre- 
sent, is so distinctly marked as to admit of no mistake. Thus iron is a 
eharacteristic reagent for copper, protochloride of tin for mercury, because 
the phenomena produced by these reagents— viz., the separation of 
metallic copper and of globules of mercury— admit of no mistake. We 
call a reagent sensitive or delicate, if its action is distinctly perceptible, 
even though a very minute quantity only of the substance tested for be 
present ; such is, for instance, the action of starch upon iodine. 

Very many reagents are hath characteristic and delicate ; thus, for 
instance, terchloride of gold for protoxide of tin ; ferrocyanide of potas- 
Biam for sesquioxide of iron and oxide of copper, ice. 

I need hardly mention that, as a general rule, reagents must be che- 
mioaUy pure— i.e., they must consist purely and simply of their essentml 
constituents^ and must contain no admixture of foreign substancest We 
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must therefore make it an invariable rule to test the purity of otMr reagents 
before we use them, no matter whether they be articles of our own pro- 
duction or purchased. Although the necessity of this is fully admitted 
on all hand!s, yet we find that in practice it is too ofben neglected ; thus 
it is by no means uncommon to see alumina entered among the sub- 
stances detected in an analysis, simply because the solution of potassa 
used as one of the reagents happened to contain that earth ; or iron^ 
because the chloride of ammonium used was not free from that metal. 
The directions given in this section for testing the purity of the several 
reagents refer, of course, only to the presence of foreign matter resulting 
from the mode of their preparation, and not to mere accidental admix- 
tures. 

One of the most common sources of error in qualitative analysis pro- 
ceeds from missing the proper measure — the right quantity — in the appli- 
cation of reagents. Such terms as "addition in excess t** ''supersaturalion,** 
&c,, ofben induce novices to suppose that they cannot add too much of 
the reagent, and thus some will ^? a test tube with acid, simply to super- 
satttrate a few drops of an alkaline fluid, whereas every drop of acid 
added, after the neutralization point has once been reached, is to be 
looked upon as an eaccess of acid. On the other hand, the addition of ant 
insufficient amount is to be equally avoided, since a reagent added in 
insufficient quantity ofben produces phenomena quite different from 
those which will appear if the same reagent be added in excess : e.g., a 
solution of chloride of mercury yields a whdte precipitate if test-ed with a 
snudl quantity of hydrosulphuric acid ; but if treated with the same 
reagent in excess, the precijntate is hlat^. Experience has, however, 
proved that the most common mistake beginners make, is to add the 
reagents too copiously. The reason why this over-addition must impair 
the accuracy of the results is obvious ; we need simply bear in mind 
that the changes effected by reagents are perceptible within certain limits 
only, and that therefore they may be the more readily overlooked the 
nearer we approadi these limits by diluting the fluid. 

No special and definite rules can be given for avoiding this source of 
error ; a general rule may, however, be laid down, which will be found 
to answer the purpose, if not in all, at least in the great majority of 
eases. It is simply this : l^ the studevd ahioa/ys reflect before the addition 
of a rea>gentfor what pwrpose he applies it, and what a/re the phenomevva 
he intends to prodtice. 

" We divide reagents into two classes, according to whether the state 
of fluidity which is indispensable for the manifestation of the action of 
reagents upon the various bodies, is brought about by the application of 
heat, or by means of liquid solvents ; we have consequently, 1, Heagents 
in the humid way ; and 2, Eeagents in the dry way, For greater clear- 
ness we subdivide these two principal classes as follows :•— 

A. REAGENTS IN THE HUMID WAY. 

I. Simple Solvents. 
II. Acids (and Halogens). 

a. Oxygen adds, 

b. Hydrogen adds a/nd halogens 

c. Sulphur adds. ^ . 
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IIL Bases (and Metals). 

a. Oxygen hoses, 

b. Svlphv/r bases, 

IV. Salts. 

a. Of the aXhaUes, 

6. Of the (dkaline earths, 

e. Of ths oxides of the hea/oy metals. 

Y. Colorikg Matters and iimiFFEBENT Vegetable Substances. 

B. REAGENTS IN THE DEY WAY. 

I. Fluxes. 
IL Blowpipe Reagents. 

A. REAGENTS IN THE H0MID WAT. 
I. Simple Solvents. 

Simple SQlvents are fluids which do not enter into chemioal combiha* 
tion with the bodies dissolved in them ; they will accordingly dissolve 
any quantity of matter up to a certain limit, which is called the point of 
saturation, and is in a measure dependent upon the temperature of the 
solvent. The essential and characteristic properties of the dissolved 
substances (taste, reaction, color, <&c.) are not destroyed by the solvent. 
(See § 2.) 

§18. 

1. Water (HO). 

Freipwraiion, — Pure water is obtained by distilling spring water from 
a copper still with head and condenser made of pure tin, or from a glass 
retort ; which latter apparatus, however, is less suitable for the purpose. 
The distillation is carried to about three-fourths of the quantity operated 
upon. If it is desired to have the distilled water perfectly free from 
carbonic acid and carbonate of ammonia, the portions passing over first 
must be thrown away. In the larger chemical and in most pharma- 
ceutical laboratories, the distilled water required is obtained from' the 
steam apparatus which serves for drying, heating, boiling, <&c. Hain 
water collected in the open air may in many cases be substituted for 
distilled water. 

TesiB, — Pure distilled water must be colorless, inodorous and tasteless, 
and must leave no residue upon evaporation in a platinum vesseL Sid- 
phide of ammonium must not alter it (copper, lead, iron) ; its trans- 
parency must not be in the least impaired by basic acetate of lead (car- 
bonic acid, carbonate of ammonia), nor, even after long standing, by 
oxalate of ammonia (lime), chloride of barium (sulphates), or nitrate of 
silver (metallic chlorides). 

Uses. — We use water* principally as a simple solvent for a great 
variety of substances ; the most convenient way of udng it is with the 
washing bottle (see § 6, Fig. 2), by which means a stronger or finer stream 
•may be obtained. It serves also to effect the conversion of several 
neutral metallic salts (more particularly terchloride of antimony and the 
salts of bismuth) into soluble acid and insoluble basic compounds. 

* In analytical experiments we use only distilled water ; whenever, therefore, the 
term "water" oocors in the present work, distilled water is meant. 
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§19. 

2. Alcohol (O^H.O,). 

Prepa/ration, — ^Two sorts of alcohol are used in chemical analyses : 
viz., 1st, spirit of wine of 0*83 or 0*84: spec. gr. = 91 to 88 per cent, by- 
volume (spiritus vini rectijicatissinms of the pharmaceutist) ; and 2Ddy 
absolute alcohoL The latter may be prepared most conveniently hj 
mixing, in a distilling vessel, 1 part of fused chloride of calcium with two 
parts of rectified spirit of wine of about 90 per cent, by volume, digesting 
the mixture 2 or 3 days, until the chloride of calcium is dissolved, and 
then distilling slowly and in fractional portions. So long as the distillate 
shows a specific gravity below 0*810 = 96*5 per cent, by volume), it may 
pass for absolute alcohol* The portions coming over after are received in 
a separate vesseL 

Tests, — Pure alcohol must completely volatilize, and ought not to 
leave the least smell of fusel oil when rubbed between the hands ; 
nor should it alter the color of moist blue or red litmus paper. When 
kindled, it must bum with a faint bluish barely perceptible flame. 

Uses. — Alcohol serves, (a) to effect the separation of bodies soluble in 
this fluid from others which do not dissolve in it, e,g, of chloride of 
strontium from chloride of barium ; (b) to precipitate from aqueous 
solutions many substances which are insoluble in dilute alcohol^ 6.y. 
gypsum, malate of lime ; (c) to produce various kinds of ether, e.g. acetic 
ether, which is characterized by its peculiar and agreeable smell ; {d) to 
reduce, mostly with the co-operation of an acid, certain peroxides and 
metallic acids, e,g,, binoxide of lead, chromic acid, <&c. ; {e) to detect cer- 
tain substances which impart a characteristic tint to its flame, especially 
boracic acid, strontia, potassa, soda^ and lithia. 

§20. 

3. Etheb (C,H,0). 

4. Chloroform (C, HCl,). 

5. Sulphide op Carbon (C SJ. 

These solvents find but limited application in the qualitative analysis 
of inorganic bodies. They serve indeed almost exclusively to detect 
and isolate bromine and iodine. Chloroform and sulphide of carbon are 
preferable to ether in this respect. 

These preparations are made much better on a large than on a small 
scale, and the best way therefore is to procure them by purchase. 

Tests. — Ether must have a specific gravity of 0*725, and require 9 parts 
of water for solution. The solution must not alter the color of test 
papers. Ether must, even at the common temperature, rapidly and com- 
pletely evaporate on a watch-glass. Chloroform must be colorless and 
transparent and have a specific gravity of 1 '49. It must have no acid 
reaction, nor impair the transparency of solution of nitrate of silver. 
Mixed with 2 vols, of water, and shaken, its volume must not appear 
perceptibly diminished. It must even at the common temperature 
readily and completely evaporate on a watch-glass. Sulphide of ccurhon 
should be colorless, readily and completely volatile even at the common 
temperature, and exercise no action upon carbonate of lead* 
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11. ACIDS AND HALOGENS. 

§21. 

The acids — at least those of more strongly pronounced character — are 
soluble in water. The solutions taste acid and redden litmus paper. 
Acids are divided into oxygen acid&i, sulphur acids, and hydrogen acids. 

The oxygen acids, produced generally by the combination of a non* 
metallic element with oxygen, combine with water in definite propor<^ 
tions to hydrated acids. It is with these hydrates that we have usually 
to do in analytical processes ; they are contained in the aqueous solutions 
of the acids^.and are commonly designated by the simple name of the free 
acid, as the accession- of water does not destroy their acid properties* 
In the action of hydrated acids upon oxides of metals, the oxide takes 
the place of the water of hydration, and an oxygen salt is formed 
(HO, SO, + KO = KO, SO, + HO). Where these salts are the pnn 
duct of the combination of an acid with a strong base, their reaction 
(supposing the combining acid also to be a strong acid) is neutral ; the 
salts formed with weaker bases, for instance with the oxide of a heavy 
metal, generally show acid reaction, but are nevertheless called neutral 
salts if the oxygen of the base bears the same proportion to that of the 
acid in which it is found in the distinctly neutral salts of the same acid, 
or, in other terms, if it corresponds with the saturation capacity of the 
acid. Sulphate of potassa (KO,SO,) has a neutral reaction, whilst the 
reaction of sulphate of copper (Cu O, S O,) is acid ; yet the latter is 
nevertheless called neutral sulphate of copper, because the oxygen of the 
oxide of copper in it bears a proportion of 1 : 3 to that of the sulphuric 
acid, which is the same proportion as the oxygen of the potassa bears to 
that of the sulphuric acid in the confessedly neutral sulphate of potassa. 

The hydrogen adds are formed by the combination of the salt radicals 
with hydrogen. Most of these possess the characteristic properties of 
acids in a high degree. They neutralize oxygen bases, with formation of 
haloid salts and water; HCl and NaO = Na 01 and HO,— 3 H 01 
and Fe,0, = Fe,Cl, and 3 HO. The haloid salts produced by the 
action of powerful hydrogen acids upon strong bases have a neutral re- 
action ; whilst the solutions of those haloid salts that have been pro- 
duced by the action of powerful hydrogen acid upon weak bases (such 
as the oxides of the heavy metals) have an acid reaction. 

The aulphwr adds are more frequently the result of the combination 
of metallic than of non-metallic elements with sulphur ; they combine 
with sulphur bases to sulphur salts; HS + KS = KS,HS,— SbS, 
+ 3NaS = 3NaS, SbSg. The sulphur acids being weak acids^ the 
soluble sulphur salts have all of them alkaline reaction, 

a. OXYGEN ACIDS. 

1. Sulphuric Acid (HO, SO,). 

We use — 

a. Concentrated stdphuric acid of commerce, generally known in Ger- 
many as Englisk svlphwric add, 

b. Concentrated pv/re evlphwric acid. 
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The following is the best method of preparing pure sulphuric acid : 
t f Pour into 4 parts of water 1 part of concentrated sulphuric acid, and 
conduct into the mixture for some time a slow stream of hydrosulphuric 
acid. Let the mixture stand at rest for several days, then decant 
the clear supernatant fluid from the precipitate, which consists of sul- 
phur, sulphide of lead, perhaps also sulphide of arsenic, and heat the de- 
C£uited fluid in a tubulated retort with obliquely upturned neck and open 
tubulatare until sulphuric acid fumes escape with the aqueous vapor. The 
acid so purified is fit for many purposes of chemical analysis ; if it is 
wished, however, to free it also from non-volatile substances, it may be 
distilled from a luted tion-tubulated retort, heated directly over charcoaL 
To avoid bumping of the liquid, it is advisable to rest the bottom of 
the retort on a reversed crucible cover. The neck of the retort nciust 
reach so far into the receiver that the acid distilling over drops directly 
into the body. Refrigeration of the receiver by means of water is un- 
necessary and even dangerous. To prevent the flask coming into direct 
contact with the hot neck of the retort, some asbestos in long fibres is 
wrapped round that part of the neck where such contact might be appre- 
hended. As soon as the drops in the neck of the retort become oily, the 
receiver is changed, and the concentrated acid which now passes over is 
kept in a separate vessel. 

c. Common dilute stUphu/ric add. This is prepared by adding to 5 parts 
of water in a leaden or porcelain dish gradually, and whilst stirring, 
1 part of concentrated sulphuric acid. The sulphate of lead which sepa- 
rates is allowed to subside, and the clear fluid finally decanted from the 
precipitate. 

Tests, — Pure sulphuric acid must be c(florless ; when colorless solution, 
of sulphate of protoxide of iron is poured upon it in a test tube, no red 
tint must mark the line of contact of the two fluids (nitric acid, hypo- 
nitric acid) ; when diluted with twenty parts of water it must not impart 
a blue tint to a solution of iodide of potassium mixed with starch paste 
(hyponitric acid). 

Mixed with pure zinc and water, it must yield hydrogen gas which, 
on being passed through a red-hot tube, must not deposit the slightest 
trace of arsenic. It must leave no residue upon evaporation on platinum, 
and must remain perfectly clear upon dilution with four or five parts of 
spirit of wine (oxide of lead, sesquioxide of Iron, lime). The presence of 
small quantities of lead is detected most easily by adding some hydro- 
chloric acid to the sulphuric acid in a test tube. If the point of contact 
is marked by turbidity (chloride of lead), lead is present. 

Uses. — Sulphuric acid has for most bases a greater affinity than almost 
any other acid ; it is therefore used principally for the liberation and 
expulsion of other acids, especially of phosphoric, boracic, hydrochloric, 
nitric, and acetic acids. Several substances which cannot exist in an 
anhydrous state {e.g. oxalic acid), are decomposed when brought into 
contact with concentrated sulphuric acid ; this decomppsition is owing to 
the great affinity which sulphuric acid possesses for water. The nature 
of the decomposed body may in such cases be inferred from the liberated 
products of the decomposition. Sulphuric acid is also frequently used 
for the evolution of certain gases, more particularly of hydrogen and 
hydrosulphuric acid. It serves also as a special reagent for the detection 
and precipitation of baryta, strontia, and lead. What kind of sulphuric 
acid is to be used, whetlter the pure or the purified acid, or the ordinary 
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§ 28. 
fi. ^mao AtSEb (HD, Hf 0,). 

Prepa/ration, — a. Heat crude nitidc md lof fiofomoroe, as feae as fios- 
ffihb from cUoriniqy juad Af la specific :gi»^f <tf a^ feoAf 1"S1* m a .^asa • 
jretort to boiling, with addition of some nitcate of pbtasaa^ kt the dkK 
-tiUate ran lAto a roceiver ke^pt cool, and try &om tisae to tisM whother 
it atiU ooutinws .to precipitate or -cloud sdiition of lutraie of ddlTec 
As soon as this ceases to be 4iUe wb% change tbidxieodyier, and distil untii 
a trifling quantity only remains in the retort. Dilate the distillate with 
water until the specific gravity of ttheidiluted acid is 1*2. 

6. Dilute crude nitric acid of commerce of about 1*38 specific gravity 
with two-fifUis .of its weight of water, and add -solution of nitrate of silver 
as long as a precipitate of chloride of silver continues to form ; then add 
u further iHght excess of solution of nitrate of silver, let the precipitate 
8iA)rade, decant i?he perfectly clear supernatant acid into a retort or an 
alembic with ground liesd; add some nitrate of potassa free from 
chlorine, and distil until only a small quantity remaLo^ taking care to 
ftttend to t^e proper cooling of the fumes distilling over. Dilate tho 
£stiTlate, if necessary, with water until it has a specific gravity of 1'2. 

Teits. — rPure nitric acid must be colorless and leave no residue upon 
evaporation on pla^tinum foil. Addition of solution of nitrate of silver 
or of nitrate of baryta must not cause the sUglitest turbidity in it. It 
is advisable to dilute the acid with water before adding these reagents, as 
t>l3ierwise nHrates will pi^ipitate. 

Uses, — Nitric acid serves as a cbemical solvent for metals, oxides, 
voljftudes, oxjwsn sadts, &c. Witb metals and sulphides of metals the 
add fbrst oidduses the metal present^ at the expense of part of its own 
oxygen, and fben dissolves the oxide to a nitrate. Most oxides are dis- 
-Bohredby nitric acid at once as nitrates; and so are also most of tii0 
insoliMe salts with weaker acids, the latter being expelled in the process 
laj the nitric acid. Nitric acid dissolves also salts with soluble non- 
volatile acids, as e,g. phosphate of lime, with which it forms nitrate of 
lime and acid phosphate of lime. Nitric acid is used also as an oxidizing 
agent : for instance, to oonvest |a:otQsdde S)i Ison into sesquioxide, prot- 
oxide of tin into binoxide, <bc. 

§2A. . ' 

3. AcEXic AaiP.(HO^ 0^H,O,^BO,A). 

A hi^j concentrated acelac acid is not required in qualitative 
-aaalytieal processes ; the common acetic i^d of commerce, which contains 
M» per cent, of anhydrous acid, and haa a'^|g;tecific gravity of 1*04, fully 
gnawers l^e porpose. 

Teat9. — OPure acetic add must leave no residue upon evaporation, and 
saturation with caifbonate of soda-— emit no empyreumatic odor. 

* A weahor aoid will not answer the purpose. 
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Hj^drosulphurio acid, solution of nitrate of silver, and solution of nitrate 
of baryta must not color or cloud the dilute acid, nor must sulphide of 
ammonium after neutralization of the acid by oxide of ammonium. Solu- 
tion of indigo must not lose its color when heated with the acid. 

If the acid is not pure, add some acetate of soda and redistil from a 
glass retort not quite to dryness ; if it contains sidphurous acid (in which 
case hydrosulphuric acid will produce a white turbidity in it), digest it 
first with some binoxide of lead or finely pulverized binoxide of man- 
ipmese, and then distil with acetate of soda. 

Uses, — ^Acetic acid possesses a greater solvent power for some sub- 
stances than for others ; it is used therefore to distinguish the former 
from the latter ; thus it serves, for instance, to distinguish oxalate of 
lime from phosphate of lime. Acetic acid is occasionally used also to 
acidulate fluids where it is wished to avoid the employment of mineral 
acids. 

§ 25. 

4. Tabtabio Acid (2HO,C,H^Oj^ = 2HO,T)r 

The tartaric acid of commerce is sufficiently pure for the purposes of 
chemical analysis. It is kept best in powder, as its solution suffers de- 
composition after a time, a white film forming upon its surfistce. For use 
it is dissolved in a little water with the aid of heat. 

Uses, — ^The addition of tartaric acid to solutions of sesquioxide of iron, 
protoxide of manganese, alumina, and various other oxides of metals, 
prevents the usual precipitation of these metals by an alkali ; this non- 
precipitation is owing to the formation of double tartrates, which are not 
decomposed by alkalies. 

Tartaric acid may therefore be employed to effect the separation of 
these metals from others the precipitation of which it does not preveniL 
Tartaric acid fonns a difficulty soluble salt with potassa, but not so with 
soda ; it is therefore one of our best reagents to distinguish between the 
two alkalies. JSUcurtrate of soda answers this latter purpose still better 
than the free acid. This reagent is prepared by dissolving one of two 
equal portions of tartaric acid in water, neutralizing the solution with 
carbonate of soda, then adding the other portion of the acid, and evapo- 
rating the solution to the crystallization point. For use one part of the 
salt is dissolved in 10 parts of water. 

J. HYDROGEN ACIDS AND HALOGENS. 

§26. 

1. Hydboghlobic Acid (HCl). 

Prepa/raiion. — Pour a cooled mixture of seven parts of concentrated 
sulphuric add and two parts of water over four parts of chloride of sodium 
in a retort ; expose the retort^ with slightly raised neck, to the heat of a 
sand-bath until the evolution of gas ceases ; conduct the evolved gas, by 
means of a double-limbed tube, into a flask containing six parts.of water, 
and take care to keep this vessel constantly cooL To prevent the gas 
from receding the tube ought only to dip about one line into the water 
of the flask. When thcj^operation is terminated, try the specific gravity 
of the acid produced, and dilute with water until it marks from 1*11 to 
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1*12. If yoa wish to ensure the absolute puiity of the acid, and its per- 
fect freedom from every trace of arsenic and chlorine, you must take care 
to free the sulphuric acid intended to be used in the process from arsenic 
and the oxygen compounds of nitrogen, according to the directions of § ^^. 
A pure acid may also be prepared cheaply from the crude hydrochloric 
add of commerce by diluting the latter to a specific gravity of 1*12, and 
distilling the fluid, with addition of some chloride of sodium. If the 
omde acid contains chlorine this should be removed first by cautious 
addition of solution of sulphurous acid, before proceeding to the distil- 
lation ; if, on the other hand, it contains sulphurous acid, this is removed 
in the same way by cautious addition of some chlorine water. Hydro* 
chloric acid not unfrequently contains an exceedingly minute trace of 
chloride of arsenic, owing to the presence of arsenic in the sulphuric acid 
employed. To free it from this impurity, hydrosulphuric acid is con- 
ducted into it, the mixture allowed to stand at rest for some time, the 
clear fluid then decanted from the sidphur and sulphide of arsenic, and 
the decanted fluid heated, to expel the sulphuretted hydrogen. 

Tttii, — Hydrochloric acid intended for the purposes of chemical ana- 
lysifl must be perfectly colorless and leave no residue upon evaporation. 
If it turns yellow on evaporation, sesq.uichloride of iron is present. It 
must not impart a blue tint to a solution of iodide ' of potassium mixed 
with starch paste (chlorine), nor discolor a fluid made fiiintly blue with 
iodide of starch (sulphurous acid). Chloride of barium ought not to 
produce a precipitate in the highly diluted acid (sulphuric acid). Hydro- 
anlphuric acid must leave it unaltered. 

c7«e8.— ^Hydrochloric acid serves as a solvent for a great many sub- 
stances. It dissolves many metals and sulphides of metals as chlorides, 
with evolution of hydrogen or of hydrosulphuric acid. It dissolves lower 
and higher oxides in the form of chlorides, the solution being in the case 
of the higher oxides mostly attended with liberation of chlorine. Salts 
with insoluble or volatile acids are also converted by hydrochloric acid 
into chlorides, with separation of the original acid ; thus carbonate of 
lime is converted into chloride of calcium, with liberation of carbonic 
acid. Hydrochloric acid dissolves salts with non-volatile and soluble 
adds a/ppa/rently without decomposing them {e.g. phosphate of lime) ; 
but the fiust is ^at in cases of this kind a metallic chloride and a soluble 
acid salt of the acid of the dissolved compound are formed ; thus, for 
instance, in the case of phosphate of lime chloride of calcium and acid 
phosphate of lime are formed. With salts of acids forming no soluble 
acid compound with the base present hydrochloric acid forms metallic 
chlorides, the liberated acids remaining free in solution (borate of lime). 
Hydrochloric acid is also applied as a special reagent for the detection and 
separation of oxide of silver, suboxide of mercury, and lead (see Section 
IIL, {§ 115 — 118); and likewise for the detection of free ammonia, with 
which it produces in the air dense white frimes of chloride of ammonium. 

§ 27. 
2. Ohlobine (CI) AND Chlorine Water. 

Prep<vr(Uion, — Mix 18 parts of common salt with 15 parts oi findy 
puherized good binoxide of manganese ; put the mixture in a flask, 
pour a eompletdy cooled mixture of 45 parts of concentrated sulphuric 
acid and 21 parts of water upon it, and shake the flask: a imiform 
and continuous evolution of chlorine gas will soon begin, which, when 

D 2 
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slackening, maj be easily increased again by the application of a g&fUie 
'beat. TMs method of Wiggers is excellent, and can be highly recom- 
'mended. Conduct the lehlorine gas :evolved first through a flask con- 
taining a little 'water, then into 'a bottle filled with eold water, and con- 
iiinueiihe process nntll ihe ^floid is saturated. Where it is desired to 
obtain i chlorine water quite free from bromine, the flask into which the 
'Chlorine 4s first conducted is changed after about xme-half of i^e chlorine 
^has been expelled, 'and the gas whidi now ptsses over .is conducted into 
■a separate bottle filled with water. The chlorine water must be kept in 
laeeilar.andeare&illy protected from the action of light; since, if this 
•preoatltion is neglected, it speedily suflers complete •decomposition, <being 
converted into dilute ''hydrochloric acid, with evolution of oxygen (resullr* 
ing from the decomposition of water). Smaller quantities, intended for 
iise in the laborajbory, are best kept in a^stoppered ^boittle -protected frooa 
ihe influence of light by .a icase of pasteboard. Chlorine wAter' which has 
lest its strong peculiar odor is unfit :far nsa 

Uses. — Chlorine has a greater affinity 'than iodine and bromine for 
metab and for hydrogen. Chlorine wjiter is therefore an efficient agent 
to efieot the expulsion of iodine 'and bromine from their compounds. 
vChlorine serves moreover to efleet the sdlntion of 'certain. metals (gold, 
platinum), to convert Bulphurotm acid into sulphuric acid, protoxide of 
iron into sesquioKide, 4cc. ; and also to effect tiie dedtruetion of organic 
substances, as in presence of these it withdraws hydrogen from tiie watecy 
enabling tthus the liberated oxygen :tD combine "with the vegetable matters 
and to effect their decomposition. For this latter puirpose it is most 
advisable to evolve the chlorine in the fluid which <;ontains the organic 
substances; this is effected l^ adding hydrochloric acid to the fluids 
'heating the mixture, and then adding jchlocate of potassa. This gives 
rise to the formation of chloride of potassium, water, free chlorine, and 
bichlorate of chlorous acid, which adts ^in a similar mftnuer to ihlorine. 

§ :28. 
3. IS^itro-Htdbochlobic Acid. Aqwa regia. 

FrepcMTcUion, — Mix OBie pai!t of ;pure uitidc Acid with from three to 
four parts of pure hydrocUorio acid. 

Ums, — rNitric acid aiud hydrochloric aoid decompose each other, the 
decomposition, mostly resulting, ba Gay-Luaaae ha&showji, in the forma- 
tion of two compounds which are .gaseous at the ordinary temperature 
17 O, CI, and N O, CI, and of free chlorine 'and water. If one equivalent 
of N Og is used to three equivalents of H CI, it m^y be assumed that 
;onlv chloro^hyponitric add (N CI,), chlorine and water are iormed 
.(Nfb, ^ 5 H CI = N Q, CI, ^- CI 4-.3 H O). 

This decomposition ceases as soon : as ^e fluid is saturated with the 
.gas ; but it recommences the iniiant this state of saturatiotn.is disturbed 
by the application of heat or by-decomposition of the acid. The pre- 
sence of the free chlorine, and also, but in a very subordinate degree, 
that of the acids named, mafkes aqua regia our most powerful solvent for 
.metals .(with the exception of those which foi*m insoluble compounds 
with ohlorin^). Hitro-hydrochloric acid serves princ^ally to effect the 
solution of gold and platinum, which metals are insoluble both in hydro* 
chloric and in nitric acid ; and also to decompose various .metallic sul- 
phides, e,g,y cinnabar, pyrites, <fec. 
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§ 29. 
4. Ktdbobluosuscic Acid (SiFl^ HEl). 

Pfi^powio^ibw. — ^l^ke qjuartz. sand, wash off every particle of dust, and 
ory thorougBly. Mix one part of the dry sand intimately witii one part 
of perfectly dry fluor spar in- powder ; pour six parts of concentrated sul- 
phuric acid over the mixture in a non-tubulated' retort, which it is 
advisable to lute, and mix carefully by Staking the vessel. As* the 
mixture swells up when getting warm, it must at first fill the retort 
only to one-third. The neck of the retort is connected air-tight with a 
small tubulated receiver^ and the tubulus of the latter again, by means 
of vulcanized indiarubber, with a wide glass tube twice bent at a> right 
angle. To the descending limb of the ^ass tube a funnel is attached by 
means of vulcanized indiarubber ; t^ funnel is lowered' into a beaker 
containing, four parts of water. Promote th&disengagement' of ^osilicic 
gu^ which commences ev^i in the cold, by moderately heating the retort 
o?er red-hot charcoaL Towards the end of the process a pretty strong 
Beat should be applied.. Every gas bubble f^odxices in the water, a pre** 
dpitate ofhydcated silicic acid^ with simultaneous formation of hydro^ 
flaosilicio acid, 3 SiFl, -»^ 2 BTO = 2 (SiFl,, HFl) + SiO^. The pre- 
cipitated hydrate, of silicic a^id: renders the Uquid gelatinous^ and it is 
for this reason that the aperture of the descending limb of thetubor 
cannot be allowed, to dip direct into the- water, since it would in that 
case speedily be choked. It sometimes happens in the course, and espe- ^ 

daily towards the end of the operation, that complete channels of silica J| 

are formed in the gelatinous Uquid, through which the gas gains the - '^ 

snrfiioe without undergoing decompodtlon if the liquid is* not occasionally 
stirred. When the evolution of gas has completely ceased, throw the 
gdatinoas paste upon a linen doth, squeeze the fluid through,, and filt^ 
it afterwards. Keep the filtrate for use.. 

Tests, — Hydrofluddlidc. add must produce no- precipitate in solutions 
of salts of strontia (sulphate of strontia). 

Osss, — xBases decompose with hydrofluosilido add, forming water and 
netallijB dllcofluorides. Many of these are insoluble, whilst others are 
soluble ; the latter may therefore by means of this reagent be distin-^ 
flushed from the former. In the course of analysaa hydcofiuosilicic acid 
ia applied* simply for the detection and separation of baryta.. 

c StJLPHTJR A€II)S. 

5 30. 
I. Htdbosulthubio Acn> {Sulj^RiureUed* ffydrogen) (H'S). 

Pn^Kira^wni— My drosnlidiupic acid gas is evolved beat from sulphide 
tf iron, whidt m broken into^ small lumps and then treated with dilute* 
aoiphuric aoidu Vused GRilphide oi iron may be procured so cheaply ia> 
commerce that it is hardly woTth whil6 to take the trouble of preparing 
it expresdy.- Howevev, 'it you wish to pveparo- it yourself^ this may be 
dene by htating iroa* turning^^ or I to 1'^ inidi- long iron nails, in a^ 
Hessian crucible to a white heat, and then adding small lumps of roll- 
•ulphur untiLtbe entire contents of the crucible are in fudon. As soon 
as this is the case^ ponr the fused mass out on sand, or into an old- 
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Heasian crucible. Or m&ke 
hole in the bottom of the ci 
dble in which you faee the ma 
Then the sulphide of iroa n 
as fast as it forms run throa 
the hole in the bottom of t 
crucible, and uiBy thus be eas 
received in a coal-shovel plat 
in the ash-pit Or introdnoe 
intimate mixture of thirty pa 
of iron filings and twenty-) 
parts of flowers of sulphur g 
dually and in small portions 
a time into a red-hot orucil 
awaiting al ways the incandesce! 
of the portion last introdm 
Vlg. 22. before proceeding to the addit 

of a fresh one. When you hi 
thus pT»t the whole mixture into the crucible, coyer the latter olos< 
and expose it to a more intense heat, sufficient to make the sulphide 
iron fiiBe more or less. 

The evolution of the gas is effected in the apparatus illustrated 
Fig. 32. 

Pour water over the snlpUde of iron in a, add concentrated sulphn 
acid, and shake the mixture ; the evolved gas is washed in e. Whe 
sufficient quantity of gas is evolved, pour the fluid off the still nn 
composed sulphide of iron, rinse the bottle repeatedly with water, then 
it with that fluid, and keep it for the next operation. If ycflllHiegl 
this, the apparatus will speedily become incmsted with crystab of i 
phate of protoxide of iron, which is apt to interfere injorlously m 
subsequent processes of evolution of gas. 

For larger laboratories, or for chemists having to operate often f 
largely with hydroeutphiu'ic acid, I can recommend the lead appan 
designed by myself, which I have now for several years employed n 
tlie moat satisfactory results in my own laboratory* (see Figa. 23 ; 
24). 

abcdaoA e/g h (Fig. 24) are two cylindrical leaden vessels, solde 
vrith pure lead. They are both of the same size (in my own appart 
33 oentiraetres high and 30 centimetres in diameter), i is a &lse boti 
of lead, perforated like a sieve, placed from 4 to 5 centimetres above 
actnal bottom of the vessel, and resting on leaden feet, which snppoi 
on tho sides as well as also more particularly in' the middle. ' 
numerous boles in the meve-like bottom have a diameter of Ij m 
metre ; k shows the opening through which the sulphide of iron is 
troduced into the vessel. In my apparatus this aperture has a diami 
of 7 centimetres, and is closed by putting a greased leather ring on 
broad smooth rim, and pressing down upon this, by means ot tl 
winged screws, the broad rim of the smooth-turned cover, I shows 
opening through which the solution of sulphate of protoside of iro 
drawn off; it will be seen by the drawing that the bottom of the te 
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■{g h) alflnta towards the part where this opening ia plaoed. The apertnrft 
has a diameter of 3 centimetres ; it is closed by means of a smooth-tnmed 
broad and thiok leaden cap, fitting on the smooth-turned brood lim, 
and pressed down npon it with a winged screw. The semi-elliptioal bar or 
bow in which the nnt is set in moveable, and hinged to the sides Af Z in a 
manner to admit of its being bent ont of reach of the liquid on drawing 
off the latter. The construction of the filling tube m may be learned 
from the drawing, and equally so that of the tube d h, which is intended 
to convey the acid from the upper to thelowervessel and vice verMt. It will 
be seen from the drawing that this tube, reaches down into the slanting 
and deepened part of the bottom g h, without, however, actually touching 
the latter. The tube c a is closed at the top, and has therefrare no 
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v«t»r. Tlie' eirmtfbed BscKp«» in tha openti<m flipongfc p, even aft 

ibe latter tube is connected vith th« flasks r, », <. 

. If the eocK: m b bow opened, EOid one of the tooks ft (Pig. 33}, tha ae 

viU low t^mnii^ &e tuba <rf A into e/g h ; anl tbnmgli o- sir w: 

eaeapie at flrst, fidloired by Hhe bydron 

^iiriff (Kid evolved ra e/ffh. ^iBae" 

by the dnwiug, th« tube o rnee only 

tt certain devertion, wbere it mekta 

bend, raaning on tb«nce' in a horiwnil 

direotioa. As many ooote « « m^ add 

as Is tkM^Kt deehnble-; Ibese ar& cm 

men bn» gaa Bt»[MKMA^ ttght iVimg m 

well ground in. They are oonneoted wi 

a amaU washing-bottte ; a double-be 

t«b« eomvjwOie ffmhonibe latter, wi 

tbe co-operation of a straight tube oo 

B«cted with it at v b; means of Tulca 

ized indiarubber, into the fluid which 

k iirteoded to operate on ; this arran^ 

menk givatly fitcilitateB the cleansing 

th« straight tube (fipptag into the flu: 

Upon now opening an« of the cocks u, t 

oiM^fi being of cora-se also c^ten, a 01 

tent of gas of any desired strength is 

once obtained, which wiU keep on for da 

in a oontinaons and steady stream. 

all the cooks u are shut, the gas evoh 

in e / g h forces the add back to t 

Slg( 21. npper vessel through the tube h d, ft 

the evolution ceases. 

Tbd eessatiol of &e evolution of gas is not instantaneous, howev 

as the sulphide of irtm in s/g k remains still moistened with aci 

moreover, small particles of the sulphides will always crumble off ai 

^pping through the sieve, come into contact with tha imt of the at 

mvering ttte bottom g h. Now the gas which, st^ continues to 

evolved in t/g h, bmug no longer able to escape through 0, forces I 

flnid np h d, and, passing through the acid ia a b c d, m^es its way c 

through p. To save this gap and keep it from poisosing the air, the fiae 

r, s, t, are oonneoted with p. r contaioe cotton, and serves the purpose o 

washing bottle ;* * and ( oontwn solution of ammonia j but the two flai 

together shouM oootaiii no more tbaa ettket of them i^n oonvsnien 

hold, ainee, as the preMnre of tbe gas inesea&es or rdaze^ the fioid 

foToed from 9 tot, or baek &om t ta m, lb will ti« rea^^ nndwrslc 

that sulphide of ammoDiBsi is fomed ia these flasks 

Tb» evotcrtion of pu o%aae» cowpletely wben M the wM i» consum 
but there remains still the one half of the sulphide of inm, aft the qui 
tity used of this h calcalated fat doiAle tho' araoont of w^ The s« 
tton of sulphate of proteoEid* of ims ia therefore drsiwn ott, and 1 U 
of aciduid 14 of water again po«iied in as before. This a^aratm 
nov made aii>» «f tandii lew AmensioKs to adapt it for aroaUer laba 
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larin. Tben aiw iiim;r o^^«f fbroM of ai^tanttna natA for tite same 

parpoM, Among <ytherB tbere is one devised hf Pohl, which is umplei 

and oDnretiieBi to seai It is ^oinv is Fi^ SS. The flaek A, vluoh 

SMtuM dilate inliiAiimc aeid, ahoaM hold frnm 

StoS^MtMB. The eoEd glon rod a, nrauHUi- 

ii^ e» lust 9 nillimatrw ht dLamMer, aad 

vtth the Tipper end ground, fitw pntl>f t^hti 

iate the indiaTTibber ibe^tper Bj to that ii^ 

n^n»k oaitun d^roe of foR»< to-more it! 

^wardb «■ dowmvnvde. Te theila<wer end.. 

of thi« rod is attached the perforated baabefr 

K, made of hard indiambber. This basket is 

lined with coarse linen, and filled with, Inmpa 

of sulphide of iron. If the glass rod G is 

pushed down Bufficieutly far just to dip into 

the dilute sulpharic aoid in A, a alow stream 

of EjdrosolphnTic acid is evolved, wbidi maf 

be increased b^ lowering Uie basket, or Btopp^ 

V drawing' it np oat of rrach of Che flnid in 

A The tube R, which is interposed between 

the gas evdved' and the exit tnb^ is tilled 

«ith cotton, anif serves tfte pnrpose of a 

w^bg-botCle. 

S*Uphurett«d hydrogen teater {gelation of hy- 
drorulpAuTTc acid) is prepared hy eondocting pig^ J5_ 

tiie gas into very ooM water, whidi has been 

pravionslf freed from air by boiCng: The' operation is'confiiiaed nntQ the 
water ia completely sataiated with the gas, which may be reai£Iy ascer- 
tuoed by dming ui» mootfa of tiie flask with the thum b, and shaking it 
a Kttle : if upon thk a pressnre is f&lt from within, tending to push the* 
ftnmb off the aperture of the 8»A, the openttioa may be considered at 
an end ; bat i^ on the contrary, the thumb feeb sucked into the montb 
ef the flasb^ tMa is a anre sign diat tte water is atill ospable of absorbing' 
moregas. 

Solpharetted hydrogen water must be kept in 'WeU-closed vessels, 
Otjterwiae it will soon suflbrcomjdete deoomposition, the hydtogen being 
oxidind to water, and a small pcn^n of the snlphnr to sulphuric add, 
diereet of the snipfcur separating. Tbo best way of preserving it nn- 
altered for a very long time is to pour the frrahly-prepared sohition 
immediately into small phiali,. bo oei^ these, well, and to place them in 
an inverted position in small jars filled with water. 

Tettt, — Pure snlphnretted Kydrogen wabtr must be perfectly dear and 
strongly emit the peculiar odor of the gas ; when treated with sesqui- 
ohloride of iron, it most yield a oopions precipitate of sulphur. Addition 
of ammonia must net impaxt a bkekisk appeamnce'.to it. It must leave 
no i«eiduB upon evaporation on platinum. 

UaeaL — Hydreealphunc acid has a strong tendeaoy to undergo decem- 
poaition wiMi metafilo oxide^ fbrming water and metallie snlphidei^ 
whidb Utter being moatlly insoluble in water mte mraslly preoipitaDed in 
the preoesB. The oonditSoBS under which the predpitalion of certain 
sulphides ensues differ materially ; by altering or modifying these eon- 
ditioDB we may therefore divide the whole of the preoipitable meta& into 
gnmpi, as will be Jbond explained m Seetioa UL Hydieeulphurie aeid 
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is therefore an invaluable agent to effect the separation of metals 
principal groups. Some of the precipitated sulphides exhibit a cb 
teristic color indicative of the individual metals which they respect 
contain. The great fiicilitj with which hjdrosulphuric acid is de 
posed renders tibis substance also a useful reducing agent for many 
pounds ; thus it serves, for instance, to reduce salts of sesquiozide of 
to salts of protoxide, chromic acid to the state of sesquioxide of < 
mium, <fec. , In these processes of reduction the sulphur separates ii 
form of a fine white powder. Whether the hjdrosulphuric acid 
better be applied in the gaseous form or in aqueous solution dep 
always upon the special circumstances of the case. 

IIL BASES AND METALa 

§ 31. 

Bases are divided into oxygen bases and sulphur bases. The foi 
result from the combination of metals or of compound radicals of sId 
character with oxygen, the latter from the combination of the & 
bodies with sulphur. 

The oxi/gen hoses are classified into alkalies, alkaline earths, ea 
proper, and oxides of the heavy metals. The alkalies are readily sol 
in water; the alkaline earths dissolve with greater difficulty in 
menstruum ; and magnesia, the last member of the class, is only ^ 
sparingly soluble in it. The earths proper and the oxides of the he 
metals are insoluble in water or nearly sa The solutious of the alki 
and alkaline earths are caustic when sufficiently concentrated; i 
have an alkaline taste, change the yellow color of turmeric papei 
brown, and restore the blue tint of reddened litmus paper ; they satu: 
acids completely, so that even the salts which they form with str 
acids do not change vegetable colors, whilst those with weak a 
generally have an alkaline reaction. The earths proper and the ox 
of the heavy metals combine likewise with acids to form salts, but^ ; 
rule, they do not entirely take away the acid reaction of the latter. 

The sulphur bases resulting from the combination of the metals of 
alkalies and alkaline earths with sulphur are soluble in water. ' 
solutions have a strong alkaline reaction. The other sulphur basec 
not dissolve in water. AU sulphur bases form with sulphur a 
sulphur salts. 

a. OXYGEN BASES. 

i». Alkalies. 

§32. 

1. POTASSA (KO) AND SODA (NaO). 

The preparation of perfectly pure potassa or soda is a difficult op< 
tion. It is advisable therefore to prepare, besides perfectly pure cau 
alkali, also some which is not quite pure, and some which being 1 
from certain impurities may in many oases be safely substituted for 
pure substance. 

a. Camman sohUion of soda, 

JPreparation, — Put i;ito a clean cast-iron pan jprovided with a 11 
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parta of crystftllized carbonate of soda of commerce and 15 parts of water, 
heat to boiling, and add, in small portions at a time, thick milk of lime 
prepared by pouring 3 parts of warm water over 1 part of quicklime, 
and letting the mixture stand in a covered yessel until the lime is 
reduced to a uniform pulpy mass. Keep the liquid in the pan boiling 
whilst adding the milk of lime, and for a quarter of an hour longer, 
then filter off a small portion, and try whether the filtrate still causes 
efferresoenoe in hydrochloric add. If this is the case, the boiling must 
be continued, and if necessary some more milk of lime must be added 
to the fluid. When the solution is perfectly free from carbonic acid, 
cover the pan, allow the fluid to cool a little, and then draw off the dear 
solution from the residuary sediment, by means of a siphon filled with 
water, and transfer it to a glass flask. Boil the residue a second and a 
third time with water, and draw off the fluid in the same way. Cover 
the flask close with a glass plate, and allow the lime suspended in the 
fluid to subside completely. Scour the iron pan clean, pour the cleat 
solution back into it, and evaporate it to 6 or 7 parts. The solution 
so prepared contains from 9 to 10 per cent, of soda, and has a spedfic 
gravity of from 1*13 to 1*15. It must be clear, colorless, and as free as 
possible from carbonic acid ; sulphide of ammonium must not impart a 
black color to it. Traces of silicic add, alumina, and phosphoric acid 
are usually found in a solution of soda prepared in this manner ; oa 
which account it is unfit for use in accurate experiments. 

Solution of soda is kept best in bottles closed with ground glass caps. 
In defikult of capped bottles, common ones with well-ground stoppers 
may be used, in which case the neck must be wiped perfectly dry and 
dean inside and the stopper coated with paraffin ; sinjce, if this pre- 
caution is neglected, it will be found impossible after a time to remove 
the stopper, particularly if the bottle is only rarely opened. 

6. HydrcUe ofpotasaa purified with alcohol. 

PrepcvrcUioTL — Dissolve some sticks of caustic potassa of commerce in 
rectified spirit of wine in a stoppered bottle by digestion and shaking ; 
kt the fluid stand, decant it, or filter it if necessary, and evaporate the 
dear fluid in a covered silver dish over the gas or spirit lamp until 
no more vapors escape ; adding from time to time, during the evapora- 
tion, some water to prevent blackening of the mass. Place the silver 
diah in cold water until it has sufficiently cooled ; remove the cake of 
caustic potassa from the dish, break it into coarse lumps in a hot mortar, 
and keep in a well-closed glass bottle. When required for use, dissolve 
a small lump in water. 

The hydrate of potassa so prepared is suffidently pure for most pur- 
poses ; it contains, indeed, a minute trace of alumina, but is u^ially free 
firom phosphoric add, sulphuric acid, and dUdc acid. The solution must 
renudu dear upon addition of sulphide of ammonium ; hydrochloric acid 
must only produce a barely perceptible effervescence in it The solution 
addified with hydrochloric acid must, upon evaporation to dryness, leave 
a reddue which dissolves in water to a clear fluid ; when boiled with 
molybdate of ammonia it must exhibit no yellow color ; when treated 
with ammonia it ought not to depodt slight flakes of alumina imme- 
diately, but only after standmg several hours in a warm place. 

e. Ifydraieo/poUusaprq)<»r6dunthharyta. 

Frepckration. — Dissolve pure crystals of baryta (§ 34) by heating with 
water, and add to the solution pure sulphate of potassa until a portion 
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of the filtered Skud, a4ndified wsih hydcodiloric atoid and dilutee 
longer g(ye» a- precipitate on' addiitioii of a furtBer quantity of the 
phate (16 pairtB' of crystals of baryta, require 9' parts of sulpfaai 
potasea). ]Let the turbid fluid' oleary decant^, and evaporate in as 
dish as in 6. The hydrati» of potassa so* prepared- is perfectly ] 
except that it eontain» a trifling admixturei of sulphate of potaasa^ v 
is left behind upon dissoliising the hydtate in. a little 'vvsaten. This hyc 
is but rarely required^ its* use being in &ust exdusifirely oonfined' to 
detection of rainnte tspaces of aUnnina.. 

Uses, — ^The groat affinity^ whiek the fixed: aifodiea posseasi far s 
renders these substances poiwerful agents to effect, the decompositio 
the salts of most basesy and oensequ^itly the precipitatiQii of those b 
which are insolublbin water: Many of the so precipitated' oxides n 
solve in an excess of the precipitant, as, fon instance, alumina^ ses 
oxide of chromium, and oxide of lead ; whilst others semaiB undissol! 
e.g, sesquioxide ot iron,^ teroxide of bismuth, kta The fixed alks 
serve therefore also as^ a means to separate the ibrmeir from, tha lal 
Potassa and soda dissolve also many salts {e.g: chromate of lead)^ 
phuf oompounds, ^., and contribute thus ta separate and' distingi 
them from other substances* Mai^ of the oxidesi precipitated by 
action of potassa ov soda exhibit peculiar colors, or possess othar chai 
teristic pn^rties thatmay soiive to lead to the detection:of the individ 
metal which they respectively contain; ; such are,, for instance, the j 
eipitate of protoxide of manganese, hydrate of protoxide of iron, a 
oxide of mercury, <ko. The fixed alkalies expel anunonia from its.sa 
and enable us thus'to deteet t^iait- body by its^ smell, it» aotion on ve 
tablie colors^ te. 

§331 

2. Ammonia — (hnde0/Ammfmiwnr--^'H^Q)i 

Freparatkma — ^The appacatus illnstrated by Fig. 22 (§ 30). may a 
serve for the pnefiaratiou) of solution oi. am:monia^ with this modifi< 
tion. that, as na funnel tube is. required in the proeess, ika. oo 
upon) the fiask a has only one perforation fi>c the: reception of the tu 
which serves ta condnst the evolned ammonia into the waging: bott 
Introduce into ai 4 parts o£ cMoiide of ammoniumi in. pieces aBout t 
size of a pea,, and the cBry hydrate of lime prepared from 5 pacts of limi 
max by shaking the flash, anc^ add: cautiously & suffieiaoLt quantity 
water to make the powder into lumps. Put a small quantity of wat 
only into the washing bottle (whidbi should be lather aeqpacious)> hi 
have IQ partsiof waiaer in. the flask which is intiendedi for- the: final recej 
tion of the washed ga& Set; the flask a now in & sand; bath, eonne 
it with, the rest of ibm appaiatus, placs' the flaak <£ in a. veseel. of eoi 
water, and! apply heatL Evcdution. of gas speedily sets in. Continua 1 
heat until no moee bubbles^ appear. Open tha conk of the flaak a,.i 
^jprevent the seceding of the fluid. The solution of ammonia con taine 
in the washing; betUe is impoire^ but that contained in the ifleaiTer 
is perfectly pure; dBute it with water, until the specifiii grasrity j 
about 0*9d= 10 per cent, of ammonia. Keep the fluid in. bottJes. close 
with ground stoppers. Thia is the. best way of pneparing solution c 
amraooia in small quantitieSi. That prepared: en a large, seals in oast 
iron v^sehi iaof coarse chee^ffii:.. 
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TeiU. — Solution of ammonia most be colorl^B^nH ought not to 
JeaTe the kaat residue ^hen evaporated xm a ^Weh-^glaBs. Whea 
heated with an equal volume of lime water, it should tsause «o itorbidityy 
-st least not *to ;a very rmarfred extent (oorbonic .aoid). When super- 
taaturatad with nitmo ivcid, neither solution of nitrate of ibaryta nor of 
jutnte ofjobrer mnst lender it ftiirbid, nor must .8TEl|)iixiiDstted hydrogen 
impart to it the slightest color. 

Z7«»«-^Sdhition of rammonfia,!aldiough. formed rby xx>isdQ0€iBg ammo« 

inacal gae (N H,) into water, and letting HiaA gas esoape^upon* exposure 

ih> tfae aii^ -and muoh jquiokBr 'when heated, rniay ako be legsrded as a 

adhltion of oxide of ammonium (Nfi^*0) in "mter, ihe ifiocst acoeding 

eqfufvialent of water (H O) beii^ assumed to formNH^O wlith iN'H^ 

.Upon this .assumption : solution of ammonia tDay^aosardin^ be lookei 

upon as an analogous fluid to solution of potassa and solution of sod% 

which greatly simplifies the explanation of all its reactions, the oxygen 

salts resulting from the neutralization of oxygen acids by solution of 

ammonia being also assumed to >oontain oxide of ammonium N H^ O, 

instead of NH,. Ammonia is one of the most frequently used reagents. 

It is especially applied for the saturation of acid fluids, and also to effect 

the precipitation of a great many metallic oxides and eaiiihs ; many of 

"these precipitates redissolve in an excess of ammonia, as, for instance, 

^e oxides of zinc, cadmium, stiver, copper, &a, whilst others are insoluble 

in free ammonia. This reagent may therefore serve also to separate and 

distinguish the former from the latter. Some of these precipitates, as 

*well as their solutions in ammonia, exhibit peculiar colors, which may 

at once lead to the detection of the individual metal whidh they respec- 

iavely contain. 

Ifany of the oxides whidh are precipitated by annnonia from neutral 
Bolutions are not precipitated by this reagent fh)m acid solutions, their 
precipitation from Hihe laltter being -prevented 'by 'tlie ammonia salt formed 
in the process. Compare § 53, chloride of ammonium. 

jS. ALKALINtE £ARTHS. 
§34. 

L BABTivi ;(Baq). 

Prepartaum, — There are a great maziy ways of preparing liydrate of 
■baryta ; bilt as'Witherite is now easily and cheaply procurable, I prefer 
tiie following method to all ordiers : mix intimately together 100 parts 
of 'finely ptdverised Witherite, 10 parts of charcoal in powder, and 5 parts 
"cdeein, put the mixture in an earthenware pot, put on theUd and lute 
it en with clay or loam, and expose the pot so prepared to the heat 
of a brick-kiln. Break and triturate the baked mass, boil repeatedly 
with water in an iron pot, filter into vessels, stopper, and let them 
stand in the oold, when large quantities of crystals of hydrate of baryta 
(Ba O, HO + 8 aq.) will mske their .appearance. Let the crystals drain 
in a properly covered funnel, dry rapidly between sheets of blotting 
paper, and keep them in well closed bottles. For use dissolve 1 part 
of the carystah} in 20 parts of water, with the aid of heat, and filter the 
.solution. The baryta water so prepared is purer than the mother liquor 
XQimijDig off from the crystals, and is therefore preferable to it The 
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residue left in the pot, which is insoluble in water and consists of 
composed Witherite and charcoal, is turned to account in the prepi 
of chloride of barium.* 

Te«t8, — Baryta water must, after precipitation of the baryta b 
aulphuiic acid, give a filtrate remaining clear when mixed witb 
of wine, and leaving no fixed residue upon evaporation in a plfi 
crucible. 

Uses, — Caustic baryta, being a strong base, precipitates the eartl 
metallic oxides insoluble in water from the solutions of their salt 
the course of aoalysis we use it simply to precipitate magnesia. ] 
water may also be used to precipitate those acids which form ins 
compounds with this base ; it is applied with this view to effei 
detection of carbonic acid, the removal of sulphuric acid, phos 
^id, ko, 

§ 35. 

2. Lime (OaO). 
We use — 

a, Hydra/te of lime. 

b. Lime water. 

The former is obtained by slacking pure calcined lime in lump? 
porcelain dish, with half its weight of water. Hydrate of Ume mi 
kept in a well-stoppered bottle. 

To prepare lime water, digest hydrate of lime for some time witl 
distilled water, shaking the mixture occasionally ; let the undiss 
portion of lime subside, decant, and keep the dear fluid in a 
stoppered bottle. If it is wished to have the lime water quite free 
all traces of alkalies, which are almost invariably present in hydn 
lime prepared from calcined limestoue, the liquids of the first tv 
three decantations must be removed, and the fluid decanted afters 
alone made use o£ 

Tests, — ^Lime water must impart a strongly-marked brown tii 
turmeric paper, and give a not too inconsiderable precipitate witb 
^bonate of soda. It speedily loses these properties upon exposure t< 
air, and is thereby rendered totally unfit for analytical purposes. 

Uses, — Lime forms with many acids insoluble, with others sol 
salts. Lime water may therefore serve to distinguish the former a 
which it precipitates from their solutions, from the latter, which it w 
course fail to precipitate. Many of the precipitable acids are thi 
down only under certain conditions, e.g, on boiling (citric acid), w 
aflbrds a ready means of distinguishing between them by altering t 
conditions. We use lime water in analysis principally to eflect 
detection of carbonic acid, and also to distinguish between citric acid 
tartaric acid. Hydrate of lime is chiefly used to liberate ammonia i 
ammonia salts. 

y. HEAVY METALS AND THEIR OXIDES. 

§36. 

1. ZiNo(Zn). 

Select zinc of good quality and, above all, perfectly free from arse 
The method described § 132, 10 will serve to detect the presence of 
slightest trace of this substance. Fuse the metal and pour the fi 
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mass in a thin stream into a large vessel with water. Zinc which con- 
tains arsenic must be absolutely rejected, for no process of purification 
known to us that can in anj way pretend to simplicity will ever succeed 
in removing every trace of that metal (Eliot and Stober). 

Uses. — Zinc serves in qualitative analysis for the evolution of hydrogen, 
and also of arsenetted and antimonetted hydrogen gases (compare § 131, 
10, and § 132, 10) ; it is occasionally used also to precipitate some 
metab from their solutions ; in which process the zinc simply displaces 
the other metal (CuO, SO, + Zn = ZnO, SO, + Cu). 

§ 37. 

2. lB0N(Fe). 

Iron reduces many metals and precipitates them from their solutions 
in the metallic state. We use it especially for the detection of copper, 
which precipitates upon it with its characteristic color. Any clean 
surfiEMse of iron, such as a knife-blade, a needle, a piece of wire, <fec., will 
serve for this purpose. 

§ 38. 

3. Copper (Cu). 

We use copper exclusively to effect the reduction of mercury, which 
precipitates upon it as a white coatiug shining with silvery lustre when 
rubbed. A copper coin scoured with fine sand, or in fact any clean sur- 
&oe of copper, may be employed for this purpose. 

§ 39. 
4. Hydrate of Teroxide op Bisicuth (BiO,,HO).* 

Frepa/raJtwa, — ^Dissolve bismuth, freed from arsenic by fusion with 
hepor sulphnris or nitrate of potassa, in dilute nitric acid ; dilute the 
solution as much as is practicable without producing a permanent preci- 
pitate ; filter, and evaporate the filtrate to crystallization. Wash the 
crystals with water containing nitric acid, triturate them with water, 
add ammonia in excess, and let the mixture digest for some time ; then 
filter^ wash, and dry the white precipitate, and keep it for use. 

Texts. — HydroBulphuric acid must throw down from a solution of 
this reagent in dilute nitric acid a precipitate insoluble in ammonia and 
sulphide of ammonium ; the fluid filtered off from the precipitate treated 
with ammonia must therefore remain perfectly dear upon addition of 
hydrochloric add, whilst in that filtered off from the predpitate treated 
with sulphide of ammonium hydrochloric acid must only produce a pure 
white turbidity (sulphur). 

XJuB, — ^Teroxide of bismuth when boiled with alkaline solutions of 
metallic sulphides decomposes with the latter^ giving rise to the forma- 
tion of metallic oxides and sulphide of bismuth. It is better adapted 
to effect decompodtions of this kind than oxide of copper, since it enables 

* Tlie baoo nitrate of teroxide of bismn^ of oommeroe, if perfectly free from araenio 
and aatimony, may also be used instead of the hydrated teroxide. 
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4ihe operator to jiulge immediately upon the adcBtion of a fresh portion 
whether the deoompositioai is complete or not. It has still anothw ad- 
(^rantage :over oxide of copper, ^iz., it does not, like the latter, dissolve 
in the alkaline fluid in preseoxce of organio substances ; nor does it accb 
m a reducing agent upon reducible oxygen compoujuils. We use it 
princapallj to convert tersnliilbide and pentaauslphid« «f arsenic into 
Arsodous and arsenic acids, for which |i»r|)OBe oxide ;of copper is aJto- 
igether inaj^oalkle, flince it -converts the avsenious weid inune^ateljr 
into arsenic acid, being ibself reduced to tiiie state of osuboxide. 



b. SXTLPHUR BASES. 
1. SuLjbuiiw OF AvMtamxjK {NH^S). 



We xise in analysii 

a. Colorless proto-sulphide qf ommxymunL 

b. Yellow bir, ter-, dsc,, svlphide of a/m/numiwrn, 

Prepoeration, — Transmit hydroaulphuric acid gas through 3 parts 
of solution of oxide of ammonium until no further absorption takes 
place ; then add 2 parts more of the saiae solution of oxide of ammo- 
nium. The action of hydrosulpTiuric acid upon oxide of ammonium gives 
rise to the formation, firs^, erf NB;,S (NH^O and HS=JeTH;^S and 
HO), then of NH^S, HS ; upon addition of the same quantity of solu- 
tion of ammonia as has been saturated^ the oxide of ammonium •decom- 
poses with the double sulphide of ammonium and hydrogen or, as it is 
commonly called, the liydrosulphate of sulphide of ammonium, ancl 
simple or proto-sulphide of ammonium is formed (NH^S,HS + NH^ 
= 2 (NH^S) + HO, The rule, however, is to add only two-thirds of 
the quantity of solution of ammonia, as it is better the preparation 
should contain a litHe hydrosiilphate of sulphide of ammonium than that 
free ammonia should be present. To employ, as haa usually been the 
case hitherto, hydrosiilphate of sulphide of ammonium Instead t>f the 
simple proto-sulphide is unnecessary, and simply tends to increase the 
smell of siflphuretted hydrogen in the laboratory, as the preparation. 
Billows that gas to escape when in contact with metallic sulpliur acids. 

Sulphide of ammonium should be kept in small well-stoppered 'bottles. 
It is eoloi^less at first, and deposits no sulphur upon additicm of acids. 
Upon exposure to the air, however, it acquires a yellow tint, owing to 
the formation of bisulphide of ammonium^ which is at^nded also with 
formfCUon of ammonia and water : 

2iNH;.S) + = NHA+NH, + HjO. 

VonKiinued ac€on of the oxygen of the air upon the sulphide of ammo- 
S -nium tends at first to the.f(u:mation of .still higher sulphides^ but after- 
wards the fluid deposits sulphur, and there remains in the end nothii^ 
in solution but pure ammonia, the whole of the sulphur beii^g found 
deposited at the l)ottom of the vesaeL 

The sulphide of ammonium which has turned yellow by exposure to 
the air may be used for all purposes requiring the enj^ployment of yellow 
sulphide of ammonium. The yellow sulphide may abo be expeditiou&l|r 
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prepared by digesting the proto-sulphide with some sulphur. All kiud^ 
of yellaw sulphide of ammonium deposit sulphur and look turbid and 
milky on being mixed with acids. 

Tests. — Sulphide of ammonium must strongly emit the odor peculiar 
to it ; with acids it must evolve abundance of sulphuretted hydrogen ; 
the evolution of gas may. be attended by the separation of a pure white 
deposit, but no other precipitate must be formed. Upon evaporation 
and exposure to a red heat on a platinum dish it mua^ti leave no residue. 
It must not even on heating precipitate or render turbid solution of 
magnesia or solution of lime (carbonate of ammonia or free ammonia). 

Uses. — Sulphide of ammonium is one of the most frequently employed 
reagents. It serves (a) to effect the precipitation of those metals which 
hydrosulphuric acid &ils to throw down from acid solutions, e. g. of iron, 
cobalt, <fca (NH,S + FeO, SO, = reS + NH^O, SO,); (6) to separate 
the metallic sulphides thrown down fram acid solutions by hydrosul- 
phuric acid, since it dissolves some of them to sulphur salts, as, for in« 
stance, the sulphides of arsenic and antimony, <&c. (NH^S, AsS,, &c.), 
whilst leaving others undissolved — for instance, sulphide of lead, sulphida 
of cadmium, &c. The sulphide of ammonium used for this purpose 
must contain an excess of sulphur if the metallic sulphides to be dis- 
solved will dissolve only as higher sulphides, as, for instance, Sn S, which 
dissolves with ease only as Sn S,. 

From solutions of salts of alumina and sesquioxide of chromium 
lolphide of ammonium precipitates hydrates of these oxides, with Escape 
of sulphuretted hydrogen, as the sulphur compounds corresponding to> 
these oxides cannot form in the humid way. [Al,0,,3SO, + 3NH. 
8 + 3 H0=: Al, O,, 3 HO + 3 (NH, O, SO.) + 3 HSJ. Salts insoluWe in 
water are thrown down by sulphide of ammonium unaltered from their 
solutions in acids ; thus, for instance, phosphate of lime is precipitated 
unaltered from its solution in hydrochloric acid. 

§41. 
2. Sulphide of Sodiuh (NaS). 

Preparation. — Same as sulphide of ammonium, except that solution 
of soda is substituted for solution of ammonia. Keep the fluid obtained 
in well-stoppered bottles. If required to contain some higher sulphide 
of sodium digeist it with powdered sulphur. 

Uses. — Sulphide of sodium must be substituted for sulphide of ammo- 
nium to effect the separation of sulphide of copper from sulphur com- 
pounds soluble in alkaline sulphides, e. g. from proto-sulphide of tin, as 
sulphide of copper is not quite insoluble in sulphide of ammoniunu 

lY. SALTS. 

Of the many salts employed as reagents those of potassa, soda, and 
•nunonia are used principiJly on account of their acids ; salts of soda 
may therefore often be substituted for the corresponding potassa salts, 
kc. Thus it is almost always a matter of perfect indifference whether 
we use carbonate of soda oc carbonate of potassa, ferrocyanide of potas- 
sium or ferrocyanide of sodium, <fec. I have therefore here classified the 
salts of the alkalies hy their adds. With the salts of the alkaline 
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earfchs and thofse of the oxides of the heavj metals the case is 
different ; these are not used for their aoid^ but lor their base ; we may 
therefore often substitute for one salt of a base another similar one, as 
e. g, nitrate or acetate of baryta for chloride of barium, &c. For this 
reason I hare classified the salts of the alkaliiift earUis and of the heavy 
me\»^& by i^r bawi^ 

a. SALTS OF THE ALKALIES. 

1. Sulphate of Potassa (£ 0, S QJ. 

Preparation. — ^Purify sulphate of potassa of commerce by recrjrstal- 
lisation, and dissolve 1 pert of the pure salt in 12 parts of water. 

Uses. — Sulphate of potassa Serves to detect and separate baryta and 
strontia. It is in many cases used in preference to dilute sulphuric 
acid, which is employed for the same purpose, as it does not, like the 
latter reagent, disturb the neutrality of the solution. 

2. Phosphate op Soda (2 NaO, H 0, P 0^ ^ 24 aq.). 

PreparaUofk' — ^Pnnfy phosphate of soda of commerce by recrystalH- 
nation, and dissolve 1 part of the pure salt in 10 parts of wsAter for use. 

Tests, — Sokition of phosphate <^ soda must not become turbid when 
heated with ammonia. The pi^cipitates which solution of nitrate of 
baryta and solution of nitrate of salver produce in it must completely, 
and without effervescence, redissolve upon addition of dilute nitric acid. 

Uses. — Phosphate of soda precipitates the alkaline earths and all 
metallic oxides by double affinity. It serves in the course of analysis, 
after the separation of the oxides of the heavy metals, as a test for 
alkaline earths in general ; and, afiber the separation of baryta, strontia, 
and lime, as a special test for the detection of magnesia ; for which latter 
purpose it is used in conjunction with ammonia, the magnesia preci- 
pitating under these circumstances as basic phosphate of magnesia and^ 
ammonia. 

§44. 
3. OxAiiATB OP Ammonia (2 NH^0,C^0^ + 2 aq.). 

PreparoitMi. — ^Dissolve oxalic acid purified by reciystallization in 
2 parts of distilled water, with the aid of heat, add solution of ammonia 
until the reaction is distinctly alkaline, and put the vessel in a cold 
place. Let the crystals drain. The mother liquor will, upon proper 
evaporation, give another crop of crystals. Purify all the crystals by re- 
crystallization. Dissolve 1 part of the pure salt in 24 parts of water 
for use. 

Tests. — ^The solution of oxalate of ammonia must not be precipitated 
nor rendered turbid by hydrosulphuric acid, nor by sulphide of ammo-^ 
nium. Ignited on platinum, the salt must volatilise without leaving 
a residue. 

Uses. — Oxalic acid forms with lime, strontia^ baryta^ oxide of lead>: 
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and other metallio oxides, insdnble or very difficoltly d^lttlile com- 
poondg ; oxalate of ammonia produces therefore in the aqutibtis solutions 
of the salts of these bases precipitates of the corresponding MaUtes, In^ 
analysis it serves principally for the detection of lime. •' ' 

4. Acetate of Soda (Na O, C^ H, O, + 6 aq., or Na O, A + 6 aq.), 

FreparcUion, — Dissolve ciystallized carbonate of soda inji little water, 
add to the sohiti<m «cetio acid to slight excess, evapcn^te to crystal- 
lization, and purify the 'Bait by recrystaUization. For usgr dissolve 1 part 
of the salt in 10 parts of water. 

Teats, — Acetate of soda must be colorless aad fre^£iAxm empyreumatie 
matter and incorganic acids* ^ , .^/S 

Usea. — ^The stronger acids in the free stafte de0()fe(ipo6e acetate of 8oda» 
oombinii^ with the base, and setting the ^^etic acid free. In the 
oourse of analysis acetate of soda is used priiipipally to precipitate phos- 
phate of sesquioxide of iron (which is iUBQJl«ble in acetic acid) from its 
solution in hydrochloric acid. It serves 0tao to effect the separation of 
sesquioxide of iron and alumina, which it precipitates on boiling fpom 
the solutions of their salts. 

§46. 

S. Ca£boka|^ of Soda (NaO^ CO, 4- 10 aq.). 

Preptxratian. — ^Take Wcarbonate of soda of commerce, put ihe powder 
into a funnel stopped loosely with some cotton, make the surface even^ 
cover it with a (Hsc of difficultly permeable paper with turned-up edges, 
and wash by pouring smaU quantities of water on the paper disc, until 
the filtrate, acidified with nitric acid, is not rendered turbid by solution 
of nitrate of silver, nor by solution of chloride of barium. Let the salt 
dry, and then convert it by gentle ignition into the simple carbonate. 
This is effected best in a crucible or dish of silver or platinum ; but it 
may be done also in a perfectly clean vessel of cast iron, or, on a 
small scale, in a porcelain disL Pure carbonate of soda may be obtained 
also by repeated recrystaUization of carbonate of soda of commerce. 
For use dimolve 1 ^port of the anhydrous salt or 2*7 parts of the crys- 
tallized salt in 5 parts of water. 

Teats, — Carbonate of soda intended for analytical purposes must be 
perfectly white. Its solution, after supersaturation with nitric acid, 
must not be rendered turbid by chloride of barium or nitrate of silver ; 
nor must addition of sulphoeyanide of potassium impart a red, or boiling 
with molybdate of ammonia a yellow tint to it, or give a yellow 
precipitate ; the residue which remains upon evaporating its solution to 
dryness^ after previous supersaturation with hydrochloric acid, must 
leave no residue (silicic add) when redissolved in water. 

Usee. — ^With me exception of the alkalies, carbonate of soda precipi- 
tates the whole of the bases, most of them as carbonates, but some also 
as hydrated oxides. Those bases which are soluble in water as bicar- 
bonates require boiling for their complete precipitation from acid solu- 
tiona. "Maiaj of the precipitates produced by the action of carbonate of 
soda exhibit a characteristic color, which may lead to the detection of 

B 2 
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the individoal metals which they respectively contain. Solution of 
bonate of soda serves also for the decomposition of many insoluble 
of the alkaline earths or of the metals, more particularly of those 
organic acids. Upon boiling with cai*bonate of soda these salts 
converted into insoluble carbonates, whilst the acids combine witl 
soda and are thus obtained in solution in the form of salts of 
Carbonate of soda is often used also to saturate free acids. 

§47. 
6. Cabbonate op Ammokia (]SrH^O,CO,). 

Preparaiion, — ^We use for the purposes of chemical analysis pui 
sesquicarbonate of ammonia entirely free from any smell of anima 
such as is prepared on a large scale from a mixture of chloride of an 
nium and carbonate of lime by sublimatioiL The outer and the i 
surface of the mass are carefully scraped. One part of the salt if 
solved by digestion with 4 parts of water to which one part of soli 
of caustic ammonia has been added. 

Tests, — Pure carbonate of ammonia must completely volat: 
Neither solution of nitrate of baryta nor of nitrate of silver, nor 
phuretted hydrogen, must color or precipitate it, after supersatum 
with nitric acid. 

Uses. — Carbonate of ammonia - precipitates, like carbonate of t 
most metallic oxides and earths ; it is generally employed in prefer 
to the latter reagent, because it introduces no non-volatile body 
the solution. Complete precipitation of many of the oxides takes ] 
also only on boiling. Several of the precipitates redissolve again ii 
excess of the precipitant. In like manner carbonate of ammonia 
solves many hydrated oxides and many sulphides, and thus enables i 
distinguish and separate them from others which are insoluble in 
reagent. 

Carbonate of ammonia, like caustic ammonia and for the same re: 
feiils to precipitate from acid solutions many oxides which it precipi 
from neutiul solutions. (Compare § 53.) We use carbonate of amn 
in chemical analysis principally to effect the precipitation of ba 
strontia, and lime, and the separation of these substances from magn< 
s^so.to separate sulphide of s^^mic, which is soluble in it^ from sulf 
of antimony, which is insoluble m^tihis^agenita?' 

§4a 

7. Bisulphite op Soda (NaO,2SOJ. 

Pr^cHMratian, — Heat 5 parts of copper shreds with 20 parts of 
centrated sulphuric aoid in a flask, and conduct the sulphurous 
gas evolved, first through a washing bottle containing some water, 
into a flask containing 4 parts of purified bicarbonate of soda (§ 
or 7 parts of pure crystallized carbonate of soda, and from 20 to 30 ] 
of water, and which is not much more than half full ; continue 
transmission of the gas until the evolution of carbonic acid c€ 
Keep the solution, which smells strongly of sulphurous acid, in a 
stoppered bottle. 
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Tegts, — Sulphite of soda, when evaporated to dryness with pure sul^ ^ 
phuric acid, must leave a residue^* the aqueous solution of which is not 
altered by hydrosulphuric acid, nor precipitated , or colored yellow by 
heating with a solution of molybdate of ammonia mixed with nitric 
acid. '*" 

Uses. — Sulphurous acid has a great tendency to pass to the state of 
sulphuric acid by absorbing oxygen. li is therefore one of our most 
powerful reducing agents. Sulphite of soda, which has the advantage of 
being less readily decomposed than sulphurous acid, acts in an analogous 
manner upon addition of acid. We use it principally to reduce arsenic 
ftcid to arsenious acid, chromic acid to sesquioxide of chromium, and 
sesquioxide of iron to protoxide. It will serve also to effect the sepa- 
ration of tersulphide of arsenic, which is soluble in it, from the sulphides 
of antimony and tin, which are insoluble in this reagent. 

§ 4^ 
a NllftllTE OP POTASSA (K0,N03). 

PreparctHon. — Heat in .a flask only half filled with the mixture 2 
parts of starch, in pieces, with 8 parts of crude nitric acid of 1*4 
specific gravity, and 8 parts of water, and conduct the nitrous fumes 
evolved, first through a larger empty flask, then into a flask containing 
solution of potassa, to complete saturation of the potassa. Where the 
solution of potflwssa contains dlicic acid or alumina, as is mostly the 
case, the satundion point is marked by the separation of the said im- 
pvrities. 5 l>^^ of solution of potassa of 1*27 specific gravity is the 
quantity recfaxted in the process. As soon as the action begins, the fiame 
xmder the 'Solution flask must be temporarily removed, or otherwise 
the action might become too energetic. £vaporate the filtered solution 
to dryness. Dissolve I part of the dry salt in abotit 2 parts of water 
when the reagent is required for use. 

Tests. — ^Nitrite of potassa must upon addition of dilute sulphuric acid 
copiously evolve nitric oxide gas. 

Uses. — ^Nitrite of potassa is an excellent means to eflect the detection 
and separation of cobalt, in the solutions of which metal it produces a 
precipitate of nitrite of potassa and sesquioxide of cobalt (potassio-nitrite 
of sesquioxide of cobalt). It serves also in presence of free acid to 
liberate iodine from its coihpounds. 

§50. 
9. BicHBOMATB OP FoTASSA (KO,20r03);' 

PrepartUion, — ^Purify the salt of commerce by recrystallization, and 
dissolve 1 part of the pure salt in 10 parts of water for use. 

Uses. — Ohromate of potassa decomposes most 6f the soluble salts of 
metallic oxides by double affinity. Most of the precipitated chromates 
are very sparingly soluble, and many of them exhibit characteristi© 
colors which lead readily to the detection of the particular metal which 
they respectively contain. We use bichromate of potassa principally ac» 
a test for lead. 

* 1^ evaporation is attended with copious evolation of sulphurous acid. 
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551. 

10. Qkusulasl Ajntdconatb of P0TAS8A (KO,SbO, + 7aq.). 

Preparation, — Project a mixture of equal parts of pulverized ta 
-emetic and nitrate of potacea in small portions at a time into a 
hot crucible. After the mass is deflagrated, ieep it at a moderat 
heat for a quarter of an hour longer, which will make it froth at 
but afber some time it win be seen in a state of calm fusion. Kei 
i;he crucible now from the fire, let the tnass get sufficiently cold 
then extract it with warm water. Transfer ta a suitable vessel, v 
is easily done by rinsing, and decant the supernatant clear fluid 
the heavy white powder deposit Concentrate the decanted 
by evaporation. After 1 or S days a doughy mass will sepa 
Treat this mass with three times its volume of cold water, working 
the same time with a spatula. This operation will serve to coi 
it into a fine granular powder, to which add the powder from ^ 
the fluid was decanted, wash slightly, and dry on blotting paper, 
parts of tartar-emetio give about 36 parts of antimonate of po 

(BBUimEB). ^ 

Tests and (Tse^! — Granular antimonate of potassa is very spari 
soluble in water^ requiring 90 parts of boiling and 250 parts of 
water for solution. The solution had always best be prepared ii 
diately before required for use, by repeatedly shaking the salt 
cold water, and filtering off the fluid from the undissolved portion, 
solution must be clear and of neutral reaction ; it must give no pre 
tate with solution of chloride of potassium, nor with solution of chL 
of ammonium ; but solution of chloride of sodium must prodi 
crystalline precipitate in it. Antimonate of potassa is a valuable res 
for soda, but only under oaiiain condition£f, for which see § 90. 

§ 52. 

11, MOLTBDATH OF AmMONIA (NH^O,MoOJ, DISSOLVED IN Nil 

Acid. 

Preparation, — ^Triturate sulphide of molybdenum with about an < 
bulk of coarse quartz sand washed wi^ti^ydrochloric acid, until the 
is reduced to a moderately fine j^||mr ; heat tho powder to ftdnt 
ness, with repeated stirring, |ttMK*e mass has acquired a lemon -y< 
color (which after cooling taB» whitish). With small quantities 
operation may be conducted in a flat platinum dish, with large quani 
in a muffle. Extract the residuary mass with solution of amm 
filter, evaporate the filtrate, heat the residue to fiunt redness unti 
mass appear yellow or white, and then digest this residuaiy maa 
aeveral days with nitric acid in the water bath, in order to conver 
phosphoric acid which is almost invariably present in the ore to 
tribasic state. When the nitric acid is evaporated dissolve the rei 
in 4 parts of solution of ammonia, filter rapidly, and pour the fil 
into 15 parts by weight of nitric acid of 1*20 specific gravity. Keej 
mixture standing several days in a moderately warm place, which 
cause the separation of any remaining traces of phosphoric acid or ] 
pho-mplybdate of ammonia. Decant the colorless fluid from the pn 
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iate, and keep it for use. Heated to 104''«I*ahrenlieit no widte preoipK 
tate (moljbdic aeid or a molybdaie) will separate ; but if the temperature 
k raised beyond that point this will at onoe take place nnless mors 
liitrie or hydrodilorio acid be added (Eqgsbtz)* 

- Uaeg. — ^Phosphoric aeid and arsenie acid form with melybdio aeid and 
ammonia peculiar yellow compounds which are almost abscdntely in<^ 
soluble in the nitric acid solution of molybdate of ammonia. Molybdate 
of ammonia affords tb^^elbre an excellent means to detect these aeids^, 
and more eifwcially Terj minnte quantities of phosphoric aedd in add 
solutions ooHtaining sesquioxide of iron, alumina^ and alkaline eartlts, 

I S3. 

12. Crlobide op Ammoitiuh (NH^,C1). 

PrepoTiiiion, — Seleet sublimed white sal ammoniac of commereew If 
it contains iron it must be purified. . For that purpose add some sulphide 
of ammonium to the solution, let the precipitate which forms subside, and 
filter ; add hydrochloric acid to the filtrate until the latter manifests a 
feebly acid reaction ; boil the mixture some time^ saturate with ammonia^ 
filter if necessary, and cryatallizei. Dissolve 1 part of the salt in 8 parts 
of water Iot use, 

TeetA — Solution of chloride of ammonium must upon evaporation on 
a platinum knife leave a residue which volatilizes completely upon con« 
tinned application of heat. Sulphide of ammonium must leave it un^ 
altered. Its reaction must be perfectly ii^utraL 

£^«0fl;-*-Chlorid6 of ammonium serves principally to retain in solution 
certain oxides (6.y» protoxide of man^mese^ magneeia) or salts {e.g, tartrate 
ci lime) upon the precipitation of other oxides or salts by ammonia or 
9ome other reagent* This application of chloride of ammonium is based 
iqpon the tendency of the ammonia salts to form double ^compounds with 
other saltsu Chloride of ammonium serves also to distinguish between 
precipitates possessed pf similar properties ; for instance, to distinguish 
the hasie phosphate qf magnesia and cmmfwniay which is insoluble in 
dklmide of ammonium, from other precipitates of magnesisL It is used 
also to precipitate from their solutions in potassa vaarious substancea 
which are soluble in that alkali, but insoluble in ammonia ; e,g, alumina, 
aesquioodde of chromium, &ei> In this process the elements ci the chlo- 
ride of ammonium transpose with those of the potassa, and chloride of 
potassium, watar, and ammonia are formed. Chloride of ammonium is 
Applied also as a special reagent to effect the precipitation of platinum aa 
ammonio-bichloride of platinum. 

5 54 

13: Ctakuje or PoTAssnm (ECy). 

Preparation, — ^Heat ferrocyanide of potassium of commerce (perfectly 
free iroBi salphate of potassa) gently, with stilting, until the czystalli- 
satioiL water is completely expelled ; triturate the anhydrous mass, and 
mix 8 parts of the dry powder with 3 parts of perfectly dry carbonate 
of potassa ; fuse the mixture in a covered Hessian or, better still, in a 
ix>vered iron crucible, until the mass is in a faint glow, appears clear, 
and a sample of it, taken out with a heated glass or small iron rod, looks 
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perfectly white. Kemove the crucible now from the fire, tap it ge' 
and let it cool a little until the evolntion of gai has ceased ; pour 
fused cyanide of potassium into a heated tall, crucible-shaped vess 
clean scoured iron or silver, or into a moderately hot Hessian cruc 
with proper care, to prevent the running out of any of the minute 
tides of iron which have separated in the process of fusion and bave 
sided to the bottom of the crucible. Let the mass now slowly cool 
somewhat warm place. The cyanide of potassium so prepared is exc 
ingly well adapted for analytical purposes, although it contains carbo 
and cyanate of potassa ; which latter is upon solution in water ti 
formed into carbonate of ammonia and carbonate of potassa (1 
C,NO + 4 HO = KO, CO, + NH,0, CO.). Keep it in the solid i 
in a well-stoppered bottle, and dissolve 1 part of it in 4 parts of wi 
without application of heat, when required for use. 

Tests. —Gy&nide of potassium must be of a milk-white color 
quite free from particles of iron or charcoal It must completely 
solve in water to a clear fluid. It must contain neither silicic acid 
sulphide of potassium j the precipitate which salts of lead produce i] 
solution must accordingly be of a white color, and the residue whid 
solution leaves upon evaporation, after previous supersaturation ' 
hydrochloric acid,* must completely dissolve in water to a clear fluic 

Uses. — Cyanide of potassium prepared in the manner described 
duces in the solutions of most of the salts with metallic oxides pre 
tates of cyanides of metals or of oxides or carbonates which are insol 
in water. The predpitated cyanides are soluble in cyanide of potass: 
and may therefore by farther addition of the reagent be separated i 
the oxides or carbonates which are insoluble in cyanide of potassi 
Some of the metallic cyanides redissolve invariably in the cyanid 
potassium as double cyanides, even in presence of free hydrocyanic 
and upon boiling ; whilst others combine with cyanogen to new radi 
which remain in solution in combination with the potassium. The i 
common compounds of this nature are cobalticyanide of potassium 
ferro- and ferricyanide of potassium. These differ from the do 
cyanides of the other, kind particularly in thiS| that dilute acids fai 
precipitate the metallic cyanides which they contain. Cyanide o£p< 
sium may accordingly serve also to separate the metals which form c 
pounds of the latter description from others the cyanides of which 
precipitated by acids from their solution in cyanide of potassium, 
the course of analysis this reagent is of great importance, as it serve 
effect the separation;! of cobalt frx)m nickel ; also that of copper, 
sulphide of which metal is soluble in it, from cadmium, the sulphid 
which is insoluble in this reagent. 



§ ^^' // 




14. Ebbroctanide of Potassium (2 ■P^N.Fe+3 aq. = 2 K, 

Cfy + 3ii^^^' 

Prepa/raiion. — The ferrocyanide of potassium is found in comm* 
sufficiently pure tor the purposes of chemical analysis. 1 part of 
salt is dissolved in 12 parts of water for use^ 

y: * This supersaturation with hydrochloric acid is attended with disengagemei 
^^Hb^i^cyanic acid. 
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Uses. — Fenrocyuiogen forms with loost metals compounds insoluble 
in water, which frequently exhibit highly characteristic colors. These 
ferrocyanides are formed when ferrocyanide of potassium is brought into 
contact with soluble salts of metallic oxides, with chlorides, &&, the 
potassium changing places with the metals. Eerrocyanide of copper and 
ferrosesquicyanide of iron exhibit the most characteristic colors of all ; 
ferrocyanide of potassium serves therefore particularly as a test for oxide 
of copper and sesquioxide of iron. 

§56. 

15. Ferricyakidb op Potassium (3K,Cj,N^Fe, = 3K/:Jfdy). 

TrepoflraJtion, — Conduct chlorine gas slowly into a solution of 1 part 
of ferrocyanide of potassium in 10 parts of water, with frequent stirring,, 
until the solution exhibits a fine deep red color by transmitted light (the 
light of a candle answers best), and a portion of the fluid produces no 
longer a blue precipitate in a solution of sesquichloride of iron, but 
imparts a brownish tint to it. Evaporate the fluid now in a dish to \ 
of its weight, and let crystallize. The' mother liquor will upon further 
evaporation yield a second crop of crystals equally fit for use as the first. 
Dissolve the whole of the crystals obtained in 3 parts of water, filter if 
necessary; evaporate the solution briskly to half its volume, and let 
crystallize again. Whenever required for use, dissolve a few of the 
crystals, which are of a splendid red color, in a little water. The solu- 
tion, as already remarked, must produce neither a blue precipitate nor a 
blue color in a solution of sesquichloride of iron. 

Vses. — Ferricyanide of potassium decomposes with solutions of me- 
tallic oxides in the same manner as ferrocyanide of potassium. Of thel 
metallic ferncyanides the ferriprotocyanide of iron is more particularly 
characterized by its color, and we apply ferricyanide of potassium there^ 
fore principally as a test for protoxide of iron« 



It ■'■ . 



§ 57. ^ 

16, SULPHOOYAKIDE OP POTASSIUM (K,C,NSj or K, Oy 

Trepa/raitkoi^ — Mix together 46 parts of anhydrous ferrocyanide of 
potassium, l^Tparts of carbonate of potassa, and 32 parts of sulphur; 
introduce the mixture into an iron pan provided with a lid, and fuse 
over* a gentle fire ; maintain the same temperature until the swelling of 
the mass which ensues at first has completely subsided and given place 
to a state of tranquil and clear fhsion ; increase the temperature now, 
towards the end of the operation, to Mnt redness, in order to decompose 
the hyposulphite of potassa which has been formed in the procesa Re- 
move the half refrigerated and still soft mass from the pan, crush it^ 
and boil repeatedly with alcohol of from 80 to 90 per cent. Upon cooling, 
part of the sulphocyanide of potassium will separate in colorless crystals ; 
to obtain the remainder, distil the alcohol from the mother liquor. 
Dissolve 1 part of the salt in 10 parts of water for use. 

TesU. — Solution of sulphocyanide of potassium must remain perfectly 
colorless when mixed with perfectly pure dilute hydrochloric acid. 
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ZTsea. — Sulpbooyaiiide of potassium serres for the detection of set 
oxide of iroD, for which subBtaoce it is at once the most choractei 
and the most delicate test 

6. SALTS OF THE ALKALINE EARTHS. 

§58. 
1. Chlobidb of Babium (Bad + 2 aq.). 

Prepcurtxtion. — a. From heavy spcsr. Mix together 8 parts of pulvei 
sulphate' of baryta, 2 parts of charcoal in powder, and 1 part c^ com 
resin« Put the mixture in a erucible, and expose it in a wind fur 
to a long-continued red heat ; or put the mixture in an earthen pot, 
the lid on with day, and expose to the heat of a brick-kiln (com 
§ 34). Triturate the crude sulphide of barium obtained, boil about . 
the powder with 4 times its quantity of water, and add hydroch! 
acid until all effervescence of sulphuretted hydrogen has ceased, and 
fluid manifests a slight add reaction. Add now the remaining ^ 
of the sulphide of barium, boQ some time longer, then filter, and let 
alkaline fluid crystaUize^ Dry the crystals, redissolve them in w; 
and crystallize again. 

b. From WitherUe. Pour 10 parts of water upon 1 part of pulvei 
Witherite, and gradually add crude hydrochloric acid until the "With^ 
is almost completely dissolved. Add now a little more finely pulvei 
Witherite, and heat^ with frequent stirring, until the fluid has enti 
or very nearly lost its acid reaction ; add solution of sulphide of bai 
as long as a precipitate forms j then filter, evaporate the filtrat< 
crystallization, and purify them by crystallizing again. For use 
solve 1 part of the chloride of barium in 10 parts of water. 

Tests. — Pure chloride of barium must not alter vegetable colors 
solution must not be colored or predpitated by hydrosulphuric acid, 
by sulphide of ammonium. Pure sulphuric acid must precipitate e 
fixed particle from it, so that the fluid filtered from the precipitate for 
upon the addition of that reagent leaves not the slightest residue v 
evaporated on platinum foiL 

(Tses, — Baryta forms with many acids aolublOj with oUiers insol 
compounds. This property of baryta aflbrds us therefore a mean 
'distinguis^ng the former acids, which are not precipitated by chloric 
barium, from the latter, in the solution of the salts of which this rea^ 
produces a precipitate. The predpitated salts of baryta severally s 
':with other bodies (acida) a Afferent deportment. By subjecting t 
salts to the action of such bodies we are therefore enabled to subdi 
the group <^ predpitable adds and even to detect certain indivi* 
lusidsk This makes chloride of barium one of our most importoni 
agents to distinguish between certain groups of adds, and more espec! 
also to eflect the detection of sulphuric add. 

"' ^ ^<**^ %. NiTRATIB OF BABYTA(BaO,NO,). 



-/■ 




. Prapiisiro^wn.— Treat carbonate of baryta, no matter whether Withi 
or predipitated by carbonate of soda from solution of sulphide of bar 
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iriih dilute mtric add free £rom cbloriney and proceed exaetfy as directed ^ >. , 
in the preparation of chloride of hariam. from Witherite. For use dBS** ^\ 
waive 1 part of ilie salt in 15 parts of water. V 

Tasft.— ^olutioD of nitrate of baryta must noi 1d« made turbid hy 
lolntion of nitrata of silver. Other tests the same as for diloride of 
barium. 

. Um», — ^Nitrate of baryta is used instead of chloride of barium in 
eaaes where it is desirable to avoid the presenoe of a metaMc ehloride in 
the fluid. 

§ 60. 
3. Qabbozuti of Babtta (BftO,CO^. 

Prepetratwn. — ^Dissolve crystallized chloride of barium in water, heat 
to boiling, and add a solution of carbonate of ammonia mixed with some 
caustic ammonia^ or of pure carbonate of soda^ aa long as a precipitate 
fi)rms j let the precipitation subside, decant five or six times^ transfer 
the precipitate to a filter, and wash until the washing water is no 
longer rendered turbid by solution of nitrate of silver. Stir the pre- 
cipitate with water to the consistence of thick milk, and keep this mix- 
ture in a stoppered bottle. It must of course be shaken every time it is 
required for use. 

Tests, — Pure sulphuric acid must precipitate every fixed particle from 
a solution of carbonate of baryta in hydrochloric acid (compare § 34, 
caustic bai^ta). 

CTses. — Carbonate of baryta completely decomposes the solutions of 
many metallie oxides, e,g, sesquioxide of iron, alumina; precipitating 
from them the whole of ^e oxide as hydrate and basic salt, whilst some 
other metallic salts are not precipitated by it^ It serves therefore to 
separate the former from the latter, and afibrds an excellrait means of 
effecting the a^aration of sesquioxide oi iron and alumina frt)m prot^ 
oxide of manganese, 'bxide of zinc, lime, magnesia, &c. It must be 
borne in mind, however, that the salts must not be sulphates, as carbonate 
of baryta equally precipitates the latter basea from these eompoundsu ,, 

i 6L 

4. Sulphate of Limx (Ca O, S O^ crysic^iaed GaO, S 0^ 4> 2 aq.). 

FreparctHan, — Digest and shake powderecf crystalHzed gypsum for 
some time with water ; let the undissolved portion subside^ decant, and 
ke^ the dear fluid for us& 

Uses, — Sulphate of lime, being a difficultly soluble salt, is a convenient 
agent in cases where it is wished te aj^ly a solution of a lime salt or of 
a sulphate of a definite degree of dilution. As dilute solution of a lime 
salt it is used for the. detection of oxalic acid ; whilst as dilute solution 
of a sulphate it affords an ^zoeBent means of distinguishing between 
hary ta^ strontia, and lime, 

$68. 

5. Chlobsdb or OALOimc (CaOl, ar^stoMhed OaCl + 6 aq.). 

Pr^poro^ioo.— Dilute 1 part of crude hydrochloric acid with 6 parts 
gf water| and add to the fluid marble or chalk until the last porjioa 



 • 
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added remains undissolved ; add now some hydrate of limey then 
phuretted hydrogen water until a filtered portion of the mixtur 
no longer altered hy sulphide of ammonium. Then let the mix 
stand ] 2 hours in a gentle heat ; filter, exactly neutralize the filt 
concentrate hy evaporation, and crystallize. Let the crystals drain, 
dissolve 1 part of the salt in 5 parts of water for use. 

Tests. — Solution of chloride of calcium must he perfectly neutral, 
neither he colored nor precipitated hy sulphide of ammonium ; 
ought it to evolve ammonia when mixed with hydrate of potasa 
hydrate of lime. 

Uses, — Chloride of calcium is in its action and application analog 
to chloride of harium. For as the latter reagent is used to separate 
inorgcmic acids into groups, so chloride of calcium serves in the & 
manner to effect the separation of the organic acids into groups, sim 
precipitates some of them, whilst it forms soluhle compounds with otl 
And, as is the case with the haryta precipitates, the different condit 
under which the various insoluhle lime salts are thrown down enahl 
to suhdivide the group of precipitahle acids, and even to detect cer 
individual acids. 

§ 63. 

6. Sulphate of Mjlqs^ia. {MgO,SO^ crystaMized'MgO,SO^ 

H0 + 6aq.). 

Preparation, — Dissolve 1 part of sulphate of magnesia of comm* 
in 10 parts of water; if the salt is not perfectly pure, subject it to 
crystallization. 

Tests, — Sulphate of magnesia must have a neutral reaction. Its & 
tion, when mixed with a sufficient quantity of chloride of ammonr 
must, after the lapse of half an hour, not appear clouded or tinged 
pure ammonia^ or by carbonate or oxalate of ammonia, or by sulphid< 
ammonium. ,f 

Uses. — Sulphate of magnesia serves almost exclusively for tl^:dei 
tion of phosphoric acid and arsenic acid, which it precipitatesl fi 
aqueous solutions of phosphates and arsenates, in presence of ammo 
and chloride of ammonium, in the form of almost absolutely insolu 
highly characteristic double salts (basic phosphate or baiiic arsenate 
magnesia and ammonia). Sulphate of magnesia i& also em^^loyed :t<^ 1 
the purity of sulphide of ammonium (see § 40). 



•rv;- 



c SALTS OF THE OXIDES OF THE HEAVY METAf*. 

§ 64. 

1. Sulphate of Peotoxibe of Ibon (FeO,SO^ crystallized Fed 

S0^H0 + 6aq.). 

Frepa/ra^ion. — Heat an excess of iron nails free from rust, or of cle 
iron wire, with dilute sulphuric acid until the evolution of hydrog 
ceases ; filter the sufficiently concentrated solution, add, a few drops 
dilute sMbhuric "^ti^d to the filtrate, and allow it to cooL Wash i 
crystal^^Hjfe^er very slightly acidulated with sulphuric acid, dry, a 
keep Jl^^^^Blie sulphate of protoxide of iron nuiy a|so be prepax 
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from the solution of sulphide of iron in dilute sulphuric acid which is 
obtained in the process of evolving hydrosulphuric acid. 

Teats. — The crystals of sulphate of protoxide of iron must have a fine 
pale green color. Crystals that have been more or less oxidized by the 
action of the air, and give a brownish-yellow solution when treated with 
water, leaving undissolved basic sulphate of sesquioxide of iron behind,, 
must be altogether rejected. Hydrosulphuric acid must not precipitate 
solution of sulphate of protoxide of iron after addition of some hydro- 
chloric acid, nor even impart a blackish tint to it. 

Uses. — Sulphate of protoxide of iron has a great disposition to absorb 
oxygen, and to be converted into the sulphate of the sesquioxide. It 
acts therefore as a powerful reducing agent. We employ it principally 
for the reduction of nitric acid, from which it separates nitric oxide by 
withdrawing three atoms of oxygen from it. The decomposition of the 
nitric acid being attended in this case with the formation of a very 
peculiar brownish-black compound of nitric oxide with an undecom- 
posed portion of the salt of the protoxide of iron, this reaction affords 
a particularly characteristic and delicate test for the detection of nitric 
acid. Sulphate of protoxide of iron serves also for the detection of 
hydroferricyanic acid, with which it produces a kind of I^russian blue, 
and also to effect the precipitation of metallic gold from solutions of the 
salts of that metaL 

§ 65. 

2. Sesquiohlobide of Ibon (Fe, CI,). 

PreparaUon. — ^Heat in a flask a mixture of 10 parts of water and 1 
part of pure hydrochloric acid with small iron nails until no further 
evolution of hydrogen is observed, even after a(ddtt|||^e naik in excess ; 
filter the solution into another flask, and conduct into it chlorine gas, 
with frequent shaking, until ^^fluid no longer produces a blue precipi- 
tate in solution of ferricyani^H^ potassium. Heat until the excess of 
/ cUdrine is expelled. Dilute uS^j^he fluid is twenty times the weight 
- C>i^the iron dissolved, and keep theTHilute fluid for use. 
^ ./^^esto. — Solution of sesquichloride of iron must not contain an excess 
li^acid j this may be readily ascertained by stirring a sample of it with a 
.:^' glass rod dipped in ammonia, when the absence of any excess of acid will 
f\v -^ proved by the fppuation of a precipitate which shaking the vessel 
• or agitating the nXiid &ils to redissolve. Ferricyanide of potassium 
musrt not impart a b^. color to it. 

(Tses. — Sesquichloride of iron serves to subdivide the group of organia 
adds which chloride of calcium fiiils to precipitate, as it produces pre- 
cipitates in solutions of benzoates and succinates, but not in solutiona 
of acetates and formates. The aqueous solutions of the neutral acetate 
and formate of sesquioxide of iron exhibit an intensely red color ; ses- 
quichloride of iron is therefore a useful agent for detecting acetic acid, 
and formic acid. Sesquichloride of iron is exceedingly well adapted to 
effect the decomposition of phosphates of the alkaline earths (see § 142). 
It serves also for the detection of hydroferrocyanic acid, with which it 
produces Prussian blue. 
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§ 66. 

3. NiTBATE OP SlLYBB (AgO,NO,). 

PrepcbratiorL — ^Dissolve pore silver in pure nitric acid, evaporate 
solution to dryness, and dissolve 1 part of the salt in 20 parts of wat 

Tests, — ^Dilute hydrochloric acid must completely precipitate all £ 
particles from solution of nitrate of silver, which should have a neu 
reaction j the fluid filtered from the precipitated chloride of mlvor n 
accordingly leave no residue when evaporated on a watch-^^lassy 
must be neither precipitated nor colored by hydrosulphuric acid. 

[Tses, — Oxide of silver forms with many acids soluble^ with others 
soluble compounds Nitrate of silver may therefore serve, like chla 
of barium, to effect the separation and arrangement of acids into gco 

Most of the insoluble compoimds of silver dissolve in dilute ni 
acid J chloride, bromide^ iodide, and cyanide, ferrocyanide, ferricyan 
and sulphide of silver are insoluble in that menstruum. Nitiate of si 
is therefore a most excellent agent to distinguish and 8^)arate fi 
all other acids the hydracids corresponding to the lacit enumen 
compounds of silver. Many of the insoluble salts of silver exhib 
peculiar color (chromate of silver, arsenate of silver), or manifest a i 
racteristic deportment with other reagents or upon the application 
heat (formate of silver) ; nitrate of idl^ner is therefore an important ag 
for the positive detection of certain acids. 

§ 67. 



4. Acetate op Lead (Pb 0, A, crystaiUized Pb 0, A 4 3 aq.). 

» 

The best acetate of lead of commerce is sufficiently pure for 
purpose of chemical analysis ; for use dissolve 1 part of the salt in 
parts of water. 

Tes^s, — Sugar of lead must completely dissolve in water acidified \ii 
one or two drops of acetic acid j the solution must be quite clear \ 
colorless j hydrosulphuric acid must throw down all fixed particles fr 
it. On mixing the solution of sugar of lead with carbonate of ammo 
in excess, cmd filtering the mixture, the filtrate must not show a bla 
' tint (copper), 

[7«e9.— -Oxide of lead forms with a great many acids compounds 
soluble in water, which are marked either by peculiarity of color 
eharacteristic deportment. The acetate of lead therefore produces p 
cipitates in the solutions of these acids or of their salts, and essentia 
contributes to the detection of several of them. Thus chromate of le 
for instance, is characterized by its yellow color, phosphate of lead by 
peculiar deportment before the blowpipe, and nmlatenof lead by its res 
Visibility. 

I 68. 

5. Nn»ATE OP StJBOxrDE OP Merctitry (FgjO, NOg, crystallized 

Hg,0,N0, + 2aq.). 

Prepciration, — ^Pour 1 part of pure nitric acid of 1*2 spec gr. oi 
part of mercury in a porcelain dish, and let the vessel stand tweuty-fo 

i 
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honrs in a oool place ; separate the cryEttals formed frond the undissolTed 
merciuy and the mother liquor, and dissolve them in water mixed with 
one-sixteenth part of nitric acid, by trituration in a mortar. Filter the 
solution, and keep the filtrate in a bottle with some metallic mercury 
covering the bottom of the vessel. 

TeHs, — ^The solution of nitrate of suboxide of mercury must give with 
dilute hydrochloric acid a copious white precipitate of subchloride of mer- 
cury; hydrosulphxvio acid must produce no precipitate in the fluid 
filtered from this, or at all events only a trifling black precipitate (sulphide 
ef mereory). 

Uses. — ^Nitxate of suboxide of nraroury acts iki an analogous manner to 
the corresponding salt of silver. In the first place, it precipitates many 
aeid% especially the hydraeids ; and, in the second place, it serves for th0 
detection of several readily oxidizable bodies, e»g, of foarmic acid, as the 
oxidation of saoh bodies, which takes place at the expense of the oxygen 
<tf the suboxide of mercury, is attended witzh the highly characteristid 
separation of metallic .meromy, 

§69. 
6. Chlobidb of Mebcuby (HgCl). 

The chloride of mercury of commerce is sufficiently pure for the pur- 
poses of chemical analysis. For use dissolve 1 part of the salt in 1 6 parts 
of water. 

Uses. — Chloride of mercury gives with several acids, eg, with hydri-. 
odic acid, peculiarly colored predpitates, and may accordingly be used 
for the detection of these acids. It is an important agent for the detec- 
tion of tin where that metal is in solution in the state of protochloride ; ^. 
if only the smallest quantity of that compound is present the addition " ' 
of chloride of mercury in excess, to the solution is fallowed by separation 
of subchloride of mercury insoluble in water. In a similar manner chhK 
ride of mercury serves also for the detection of formic acid. 

§ 70. 
7. SuLPHATB OF CoppEB (OuO,SO,, crystdUized CuO,SO„HO + 4aq.). 

Prepa/ratunu — ^This reagent may be obtained in a state of great purity 
from the residue remaining in tbe netort in the process cif preparing 
bisulphite of soda (§ iS\ by treating that residue with water, applying • 
heat^ filtering, letting the filtrate crystallize, and purifying the ^t by 
recrystallization. For use dissolve 1 part of the pure crystals in 10: ^/| 

parts of water. 

Tetia, — Pure sulphate of copper must be completely precipitated from 
its solutions by hydrosulphuric acid ; ammonia and su^xhide of ammo- 
nium must accordingly leave the filtrate unaltered. 

Usee, — Sulphate of copper is employed in qualitative analysis to efiec« 
the precipitation of hydriodic acid in the form of subiodide of copper 
For this purpose it is necessary to mix the solution of 1 part of sulphate 
of copper with 2^ parts of sulphate of protoxide of iron, otherwise half of 
the iodine will separate in the fr«e state. The protoxide of iron changes 
in this process to sesquioxide, at the expense of the oxygen of the oxide . 
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of copper, whicli latter is thus reduced to the state of suboxide. Sulp 
of copper is used also for the detection of arsenious and arsenic acids 
fierves likewise as a test for the soluble ferrocyanides. 



s 
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§ 71. 
8. Protochlobibe of Tin (SnCl, crystallized BnCl + 2 aq.). 

Preparation. — Keduce English tin to powder by means of a file^ o 
fusing it in a small porceMn dish, removing from the fire, and tritura 
the fused liquid mass with a pestle until it has passed again to the i 
state. Boil the powder for some time with concentrated hydrochl 
acid in a flask (taking care always to have an excess of tin in the ve; 
until no more hydrogen gas is evolved ; dilute the solution with 4 ti 
the quantity of water elightly acidulated with hydrochloric acid, 
filter. Keep the filtsate for use in a well-stoppered bottle contaLi 
small pieces of metallic tin, or some pure tin-foil. If these precaut 
are neglected the protochloride will soon change to bichloride, with s 
tion of white oxychloride, which will of course render the rea| 
totally unfit for thie purpose for which it is intended. 

Tests, — Solution of protochloride of tin must, when added to a solu 
of chloride of mercury, immediately produce a white precipitate of i 
chloride of mercury ; when treated with hydrosulphuric acid it n 
give a dark brown precipitate ; it must not be precipitated nor rend< 
turbid by sulphuric acid. 

Uses. — The great tendency of protochloride of tin to absorb oxyi 
and thus to form binoxide, or rather bichloride— as the binoxide in 
moment of its formation decomposes with the free hydrochloric acid ; 
sent — ^makes this substance one of our most powerful reducing age 
It is more particularly suited to withdraw part or the whole of the c 
rine from chloride& We employ it in the course of analysis as a 
for mei^cury ; also to effect the detection of gold. 
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§ 72. 
9. BicHLOBiDE OP Platinum {FtCl^, crystallized 'PtC\-\- 10 Aq,) 

Prepa>ration, — ^Treat platinum filings, purified by boiling with ni 
acid, with concentrated hydrochloric acid and some nitric add ii 
narrow-necked flask, and apply a very gentle heat, adding occasion; 
fresh portions of nitric acid, until the platinum is completely dissob 
Evaporate the solution on the water-bath, with addition of hydrochl 
acid, and dissolve the semifluid residue in 10 parts of water for use. 

Tests. — Bichloride of platinum must, upon evaporation to drynea 
the watei^bath, leave a residue which di^olves completely in spirit 



wine. 




hloride of platinum forms Tery sparingly soluble doi] 

loride of potassium and chloride of ammonium, but nol 

of sodium ; it serves therefore to detect ammonia i 

may, indeed, be looked upon as our most deKcate reag 

tter substance. 



SODIO-f BQTOGHLOBIDE Olf FALLADIUli, 'B5 

§73. 

10. Sodio-Paotochloridb op Palladium (NaCl,PdCl). • 

Dissolve 5 parts of palladium in nitrohydrochloric acid (comp. § 72), 
add 6 parts of pure ohloride of sodium, evaporate in the water bath to 
dryness, and dissolve 1 part of the residuary double salt in 12 parts of 
water for use. The brownish solution affords an excellent means for de- 
tecting and separating iodine. 

§74. 

11. Terchlobide of Gold (AuCl,). 

PreparatioTL — ^Take fine shreds of gold, which may be alloyed with 
alver or copper, treat them in a flask with nitrohydrochloric acid in 
excess, and apply a gentle heat until no more of the metal dissolves. If 
the gold was idloyed with copper — which is known by the brownish-red 
precipitate produced by feiTocyanide of potassium in a portion of the 
solution diluted with water — mix it with solution of sulphate of protoxide 
of iron in excess. This will reduce the terchloride to metallic gold, 
which will separate in the form of a fine brownish-black powder ; wash 
the powder in a small flask, and redissolve it in nitrohydrochloric acid j 
evaporate the ^ I'^tiou to dryness on the water-bath, and dissolve the 
residue in 30 parts oi water. If the gold was alloyed with silver, the 
latter metal remains as chloride upon treating the alloy with nitrohydro- 
chloric acid. In that case evaporate the solution at once to dryness, and 
dissolve the residue in water for use. 

Uses, — ^Terchloride of gold has a great tendency to yield up its chlo- 
rine j it therefore readily converts protochlorides into higher chlorides, 
protoxides, with the co-operation of water, into higher oxides. These 
peroxidations are usually indicated by the precipitation of pure metallic 
gold in the form of a brownish-black powder. In the course of analysis 
this reagent is used only for the detection of protoxide of tin, in the 
aolutions of which it produces a purple color or a purple precipitate. 

V. COLORING MATTERS AND INDIFFERENT VEGETABLE 

SUBSTANCES. 

§75. 

1. Test Papers. 

a. Blue Litmus Papeb. 

Preparation, — Digest 1 part of litmus of commerce with 6 parts of 
water, and filter the solution ; divide the intensely blue filtrate into 2 
equal parts ; saturate the free alkali in the one half by repeatedly stirring 
with a glass rod dipped in very dilu^ sulphuric acid, until the color of 
the fluid just appears red ; add now the other half of the blue filtrate, pour 
the whole fluid into a dish, and draw slips of fine unsized paper through 
it ; suspend these slips over threads, and leave them to dry. The color 
of litmus paper must be perfectly uniform and neither too light ;nor too 
dark. The paper must be readily wetted by aqueous fluids. 

Uses, — Litmus paper serves to detect the presence of free acid in. 
fluids, as acids change its blue color to red* It must be borne in minc^ 

I. W 
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however^ that the soluble neutral salts of most of the heavy mc 
oxides produce th^ same efteot. 

p. Bbddened Litkus Papeb. 

Preparation, — Stir blue solution of litmus with a glass rod dipp 
dilute sulphuric acid, and repeat this process until the fluid hae 
turned distinctly red. Steep slips of paper ia the solution, and dry 
as in a. The dried slips must look distinctly red. 

Uses. — Pure alkalies and alkaline earths, and also the sulphides of 
metals, restore the blue color of reddened litmus paper ; carboDa 
the alkalies and the soluble salts of several other weak acids, especia 
boracic acid, possess the same property. This reagent serves thei 
for the detection of these bodies in general* 

m 

y. GiEOBonrA Papsb {DaMia Paper), 

Preparation. — Boil the violet colored petals of Georgina fwq 
(purple dahlia) in water, or digest them with spirit of wine, and 
slips of paper in the tincture obtained. The latter should be m 
more nor less concentrated than is necessary to make the paper whej 
again appear of a fine and light violet blue color. Should the colo 
much incline to red this may be remedied by adding a very littl< 
monia to the tinctura 

Uses, — Georgina paper is reddened by acids, whilst alkalies imp 
beautiful green tint to it. It is therefore an extremely convenient 
stitute both for the blue and the reddened litmus paper. This rea 
if properly prepared, is a most delicate test both for acids and alk 
Concentrated solutions of caustic alkalies turn Georgina paper yello 
destroying the coloring matter. 

I. TURMEBIO PaPEB. 

Preparation. — Digest and heat 1 part of bruised turmeric root 
6 parte of weak spirit of wine, filter the tincture obtained, and 
slips of fine paper in the filtrate. The dried slips must exhibit a 
yellow tint ; they must be readily wetted by aqueous fluids. 

Uses, — ^Turmeric paper serves the same as reddened litmus papei 
dahlia paper for the detection of free alkalies, &c., as they chang 
yellow color to brown. It is not quite so delicate a test as the < 
reagent papers; but the change of color which it produces is h 
characteristic, and is very distinctly perceptible in many colored fli 
we therefore cannot well di8])en8e with this paper. When testing 
turmeric paper it is to be borne in mind that, besides the subst 
enumerated in /3, several other bodies (boracic acid, for instance) p< 
the property of turning its yellow color to brown-red, more espe< 
on drying. It aflbrds an excellent means for the detection of be 
acid. 

All test papers are cut into slips, which are kept in small well-c 
boxes, or in bottles covered with black paper, as continued actic 
light destroys the color. 

* Mr. A. S. Taylor Iim suggested that a very delicate test paper for detecting ai 
may be prepared by steeping slips of paper in an acid infuaioii of rose petals. 
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§T6, 
9. SoLtmoir of Iimiao. 

FrepartxttOfL — Take from 4 to 6 parts of fiimmg sulphuric acid, add 
dowly and in small portions at a time 1 part of finely pulverized 
indigo, taking care to keep the mixture well stirred. The acid has at 
first imparted to it a brownish tint by the matter which the indigo con^ 
tains in admixture, but it subsequently turns deep blue. Elevation of 
temperature to any considerable extent must be avoided, as part of the 
indigo blue is thereby destroyed ; it is therefore advisable when dissolv- 
ing larger quantities of the substance to place the vessel in cold water. 
When the whole of the indigo has been added to the acid, cover the 
vessel, let it stand forty-eight hours, then pour its contents into 20 
times the quantity of water, mix, filter, and keep the filtrate for usa 

Uses. — Indigo is decomposed by boiling with nitric acid, yellow- 
colored oxidation products being formed. It serves therefore for the 
detection of nitric aeid. Solution of indigo is also well adapted to 
effect the detection of chloric acid and of free chlorine. 

B. REAGENTS IN THE DRY WAY. 
L FLUrES AKD DECOfiPOSIKG AOENTS. 

§ 77. 

h MixTUBB OF Cabbokatb OF SoDA AJn> Cabbokate of Fotassa. 

(NaO,CO, + KO,COJ. 

PrepcbratioTU — Digest 10 parts of purified bi tartrate of potassa in 
powder with 10 parts of water and 1 part of hydrochloric acid foif 
several hours on the water-bath, with frequent stirring ; put the mass 
into a funnel with a small filter inserted into the pointed end ; let it 
drain ; cover with a disc of rather difficultly permeable filtering paper 
with upturned edges, and wash by repeatedly pouring upon this small 
quantities of cold water ; continue this washing process until the fluid 
running off is no longer rendered turbid by solution of nitrate of silver, 
after addition of nitric acid. Dry the bitartrate of potassa freed in this 
manner from lime (and phosphoric acid). It is now necessary to prepare 
pure nitrate of potassa; To effect this, dissolve nitrate of potassa of 
commerce in half its weight of boiling water, filter the solution into a 
porcelain or stoneware dish, using a hot funnel, and stir it well with a 
dean wooden or porcelain spatula until cold. Transfer the crystalline 
powder to a funnel loosely stopped with cotton, let it drain, press down 
tight^ make even at the top, cover with a double disc of difficultly per- 
meable filtering paper with upturned edges, and pour upon this at proper 
intervals small portions of water until the washings are no longer made 
turbid by solution of nitrate of silver. Empty now the contents of tha 
funnel into a porcelain dish, dry in this vessel, and reduce the mass to a 
fine powder by trituration. 

Mix now 2 parts of the pure bitartrate of potassa with I part of the 
pure nitrate of potassa; project the perfectly dry mixture in small 
portions at a time into a clean-scoured cast-iron pot heated to gentle 
redness ; when the mixture has deflagrated heat strongly uatil a sample 
taken from the edges gives with water a perfectly colorless solution. 
Triturate the charred mass with water, filter, wash slightly, and evapo* 

f2 
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rate the filtrate in a porcelain or, better still, in a silver dish, 
the fluid is covered with a persistent pellicle. Let the mixture 
cool, with constant stirring ; put the crystals of carbonate of potasf 
a funnel, let them well drain, wash slightly, dry thoroughly in a a 
or porcelain dish, and keep the crystals in a well-stoppered bottle, 
mother liquor leaves upon evaporation a salt which, though contai 
traces of alumina and silicic add, may still be turned to accoun 
many purposes. 

Mix 13 parts of the pure carbonate of potassa prepared in the ma 
just now described with 10 parts of pure anhydrous carbonate of i 
and keep the mixture in a well-stoppered bottle. The mixture of 
bonate of potassa and carbonate of soda may also be prepared by c 
grating 20 parts of pure bitartrate of potassa with 9 parts of 
iiitrate of soda, treating with water, and evaporating the solution to 
ness. Or by igniting pure tartrate of potassa and soda, extracting the 
bonaceous mass with water, and evaporating the clear solution to dry 

Testa, — The purity of the mixed salt is tested as directed § 46 
honate of soda). To detect any trace of cyanide of potassium that 
happen to be present, add to the solution of the salt a little of a soh 
of proto-sesquioxide of iron, then hydrochloric acid in excess, when 
bluish-green coloration of the fluid and the formation of a blue p 
pitate after a time will indicate the presence of cyanide of potassium 

Cses, — If silicic acid or a silicate is fused with about 4 parts i 
sequently with an excess) of carbonate of potassa or soda, carbonic 
escapes with effervescence, and a basic alkaline silicate is formed, w 
being soluble in water, may be readily separated from such met 
oxides as it may contain in admixture j from this basic alkaline sil 
hydrocnloric acid separates the silicic acid as hydrate. If a fixed alki 
carbonate is fused together with sulphate of baryta, strontia, or ] 
there are formed carbonates of the alkaline earths and sulphate of 
alkali, in which new compounds both the base and the acid of 
originally insoluble salt may now be readily detected. However, w 
not use either carbonate of potassa or carbonate of soda separate! 
effect the decomposition of the insoluble silicates and sulphates ; bu 
apply for this purpose the above-described mixture of both, because 
mixture requires a &r lower degree of heat for fusion than either o 
two components, and thus enables us to conduct the operation oi; 
Berzdvus lamp, or over a simple gas-lamp. The fusion with alk; 
carbonates is invariably effected in a platinum crucible^ provide< 
reducible metallic oxides be present. 

§78. 

2. Hydrate or Baryta (BaO,HO). 

Prepa/ration, — The crystals of baryta prepared in the manner dire 
§ 34 are heated gently in a silver or platinum dish, until the wat 
crystallization is completely expelled. The residuary white ma 
pulverized, and kept for use in a well-closed bottla 

Uses, — Hydrate of baryta fuses at a gentle red heat without Ic 
its water. Upon fusing silicates which resist decomposition by i 
together with about 4 times their weight of hydrate of baryta, 1 
silicates are formed which acids will decompose. If, therefore, the f 
mass is treated with water and hydrochloric acid, the solution evapox 
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io dryness, and the residue digested with dilute hydrochloric acid, the 
silicic acid is left behind, and the oxides are obtained in solution in the 
form of chlorides. We use hydrate of baryta as a flux when we wish to 
test silicates for alkalies. This reagent is preferable as a flux to the car- 
bonate or nitrate of baryta, since it does not require a very high tempe- 
rature for its fusion, as is the case with the carbonate, nor does it cause 
any spirting in the fusing mass, arising from disengagement of gas, as is 
the case with the nitrate. The operation of fluxing with hydrate of 
baryta is conducted in silver or platinum crucibles. 

§79. 

3. Fluoride op Calcium (Ca Fl). 

Take fluor-spar as pure as can be procured and, more particularly, free 
from alkalies, reduce to fine powder, and keep this for use. 

Uses, — Fluoride of calcium applied in conjunction with sulphuric acid 
serves to effect the decomposition of silicates insoluble in acids, and more 
especially to detect the alkalies which they contain. Compai*e Section 
ILL silicic acidy § 150. 

§80. 

4. NiTBATE OP Soda (NaO, NOJ. 

Prepcvraisum, — Neutralize pure nitric acid with pure carbonate of soda 
exactly, and evaporate to crystallization. Dry the crystals thoroughly, 
triturate, and keep the powder for use. 

Tests, — A solution of nitrate of soda must not be made turbid by 
solution of nitrate of silver or nitrate of baryta, nor precipitated by 
carbonate of soda. 

Uses. — ^Nitrate of soda serves as a very powerful oxidizing agent, by 
yielding oxygen to combustible substances when heated with them. We 
nse this reagent principally to convert several metallic sulphides, and 
more particularly the sulphides of tin, antimony, and arsenic, into oxides 
and acids ; also to eflect the rapid and complete combustion of organic 
substances ; for the latter purpose, however, nitrate of ammonia is in 
many cases preferable ; which latter reagent is prepared by saturating 
nitric acid with carbonate of ammonia. 

II. Blowpipe Keagents. 

§ 81. 
1. Cabbokate op Soda (NaO, CO,). 

Prqpcvralion. — See § 46. 

Uses. — Carbonate of soda serves, in the first place, to promote thoi 
reduction of oxidized substances in the inner flame of the blowpipe. In 
fusing it brings the oxides into the most intimate contact with the char- 
coal support^ and enables the flame to embrace every part of the substance 
under examination. It co-operates in this process also chemically by the 
transposition of its constituents (according to R, Wagner ^ in consequence of 
the formation of cyanide of sodium). Where the quantity operated upon 
was very minute the reduced metal is often found in the pores of the 
charcoal. In such cases the parts surrounding the little cavity which 
contained the sample are dug out with a knife, and triturated in a small 
mortar; the charcoal is then washed off from the metallic particles. 
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vbiob BOW beoome Tkible either in ibe form of powder or as smal 
J9p«>ngles, according to the nature of the particolar metal or n 
jpreeent. 

Carbonate of soda jBenres, in the second place, as a solvent. Plat 
wire is the most convenient support for testing the solubility of subst 
in fusing carbonate of soda. A few only of the bases dissolve in f 
carbonate of soda, but acids diasolve in it with facility. Oarbona 
aoda is also applied as a decomposing agent and flux, aod more pai 
larly to effect the decomposition of the insoluble sulphates, with v 
it exchanges acids, the newly formed sulphate of soda being reduc< 
the same time to sulphide of sodium ; and to effect the decompositi 
sulphide of arsenic, with which it forms a double sulphide of arsenic 
sodium, and arsenite or arsenate of soda, thus converting it to a 
which permits its subsequent reduction by hydrogen. / Carbonate of 
also is the most sensitive reagent in the dry way for the detecti( 
manganese, as it produces when fused in the outer flame of the blov 
together with a substance containing manganese a green opaque I 
owing to the formation of manganate of soda. 

§ 82, 
2. Cyanipb of Potassium (KCy). 

. Freparmtion, — See § 54. 

^s09.-^Cyanide of potassium is an exceedingly powerful reducing s 
in the dry way ; indeed it excels in its action almost all other rea^ 
of the same class, and separates the metals not only from most ox 
compounds, but also from many sulphur compounds. This reducti 
attended in the former case with formation of cyanate of potassa, b^ 
absorption of oxygen, and in the latter case with formation of sui 
cyanide of potassium, by the takiog up of sulphur. By means of 
reagent we may effect the reduction of metals from their compo 
with the greatest possible facility ; thus we may, for instance, pro 
metallic antimony from antimonious acid or from sulphide of antin 
metallic iron from sesqnioxide of iron, &o. The r^uliness with ^k 
^anide of potassium enters into fusion facilitates the reduction oi 
metals greatly; the process may usually be conducted even in a pore 
crucible over a spirit lamp. Cyanide of potassium is a most vak 
and important agent to effect the reduction of binoxide of tin, antin 
acid, and more particularly of tersulphide of arsenic (see § 132). Cya 
of potassium is equally important as a blowpipe reagent. Its actic 
exceedingly energetic ; substances like binoxide of tin, the reductic 
which by means of carbonate of soda requires a tolerably strong fli 
are reduced by cyanide of potassium with the greatest facility. In h 
pipe experiments we invariably use a mixture of equal parts of carbo 
of soda and cyanide of potassium ; the admixture of carbonate of sot 
intended here to check in some measure the excessive fusibility of 
cyanide of potassium. This mixture of cyanide of potassium with 
bonate of soda, besides being a far more powerful reducing agent i 
the simple carbonate of soda, has moreover this great advantage over 
latter, that it is absorbed by. the . pores of the charcoal with exti 
&cility, and thus permits the production of the metallic globules 
state of the greatest purity. 
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§ 83. 

3. BiBOBATE OF Soda (Borax) (NaO,2BO^ 
crystallized + 10 aq.). 

The purity of commercial borax may be tested by adding to its sola* 
tion carbonate of soda or, after previous addition of nitric acid, solution 
ef nitrate of baryta or of nitrate of silver. The borax may be consi- 
dered pure if these reagents fail to produce any alteration in the solu- 
tion ; but if either of them causes the formation of a precipitate, or 
renders the fluid turbid, recrystallization is necessary. The pure crys- 
tallized borax is exposed to a gentle heat, in a platinum crucible, until it 
ceases to swell ; it. is then left to cool, and afterwards pulverized and 
kept for use. 

Uses. — ^Boracic acid manifests a great affinity fbr oxides when brought 
into contact with them in a state of fusion. This affinity enables it, in 
the first place, to combine directly with oxides; secondly, to expel 
weaker acids from their salts ; and, thirdly, to predispose metals, sul- 
phides, and haloid compounds to oxidize in the outer flame of the blow- 
pipe, that it may combine with the oxides. Most of the thus produced 
borates fuse readily, even without the aid of a flux, but far more so in 
conjunction with borate of soda ; the latter salt acts in this operation 
either as a mere flux, or by the formation of double salts. Now in the 
biborate of soda ye have both free boracic acid and borate of soda ; the 
union of these two substances renders it one of our most important 
blowpipe reagents. In the process of fluxing with borax we usually 
select platinum wire for a support ; the loop of the wire is moistened or 
heated to redness, then dipped into the powder, and exposed to the outer 
flame ; a colorless bead of fused borax is thus produced. A small por- 
tion of the substance under examination is then attached to the bead, by 
bringing the latter into contact with it whilst still hot or having previ- 
ously moistened it The bead with the sample of the substance in- 
tended for analysis adhering to it is now exposed to the blowpipe flame, 
and the reactions to the manifestation of which this process gives rise 
are carefully observed and examined. The following points ought to be 
more particularly watched : — (1) Whether or not the sample under exa- 
mination dissolves to a transparent bead, and whether or not the bead 
retains its transparency on cooling; (2) whether the bead exhibits a 
distinct color, which in many cases at once clearly indicates the indi- 
vidual metal which the analysed compound contains ; as is the case, for 
instance, with cobalt ; and (3) whether the bead manifests the same or a 
different deportment in the outer and in the inner flame. Beactions of 
the latter kind arise from the ensuing reduction of higher to lower 
oxides, or even to the metallic state, and are for some substances parti- 
cularly characteristic. 

§84, 

4. Phosphate of Soda and Ammonia {Microcosmic SaU) 
(NaO,NH^O,HO,PO„ crystaUized -h 8 b.(i.). 

Preparation, — a. Heat to boiling 6L parts of phosphate of soda and 1 
part of pure chloride of ammonium with 2 parts of water, and let the 
solution cooL Free the crystals produced of the double phosphate of 
loda and ammonia from the chloride of sodium which adheres to them 
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by recrystallization^ with addition of some solution of ammonia. Dry the 
purified crystals, pulverize, and keep for use. 

b. Take 2 equal parts of pure tribasic phosphoric acid, and add solu- 
tion of soda to the one, solution of ammonia to the other, until both fluids 
have a distinct alkaline reaction ; mix the two together, and let the 
mixture crystallize. 

Testa. — Phosphate of soda and ammonia dissolves in water to a fluid 
with feebly alkaline reaction. The yellow precipitate produced in this 
fluid by nitrate of silver must completely dissolve in nitric acid. Upoi 
fusion on a platinum wire, microcosmic salt must give a clear and color 
lens bead. 

Uses. — On heating phosphate of soda and ammonia the ammonii 
escapes with the water of crystallization, leaving acid pyrophosphate o 
soda (NaO,HO,POj) ; upon heating more strongly the last equiva 
lent of water escapes likewise, and readily fusible metaphosphate of sod 
(NaO,PO,) is left behind. The action of microcosmic salt is quit 
analogous to that of biborate of soda. We prefer it, however, in som 
cases to borax as a solvent or flux, the beads which it forms with man 
substances being more beautifully and distinctly colored than those ( 
borax. Platinum wire is also used for a support in the process of flu3 
ing with microcosmic salt ; the loop must be made small and narrow 
otherwise the bead will not adhere to it. The operation is conducte 
as directed in the preceding paragraph. 

§ 85. 

5. Nitrate op Protoxide op Cobalt (000,1^0^, crystallized -h 5 aq.) 

Preparation. — Fuse in a Hessian crucible 3 parts of bisulphate < 
potassa, and add to the fused mass, in small portions at a time, 1 part 
well- roasted cobalt ore (the purest zaflfre you can procure) reduced 
fine powder. The mass thickens, and acquires a pasty consistenc 
Heat now more strongly until it has become more fluid again, and co 
tinue to apply heat until the excess of sulphuric acid is completely e 
pelled, and the mass accordingly no longer emits white fiimes. Kemo 
the fused mass now from the crucible with an iron spoon or spatula, 1 
it cool, and reduce it to powder ; boil this with water until the und 
solved portion presents a soft mass ; then filter the rose-red solutic 
which is free from arsenic and nickel, and mostly also from iron. A 
to the filtrate a small quantity of carbonate of soda, so as to tbr< 
down a little carbonate of protoxide of cobalt, boil, and filter. Pre 
pitate the solution, which is now free from iron, boiling with carboni 
of soda, wash the precipitate' well, and treat it still moist with oxa 
acid in excess. Wash the rose-red oxalate of protoxide of cob 
thoroughly, dry, and heat to redness in a glass tube, in a current 
hydrogen gas. This decomposes the oxalate into carbonic acid, wh 
escapes, and metallic cobalt, which is left behind. Wash the metal, £ 
with water containing acetic acid, then with pure water, dissolve 
dilute nitric acid, treat — if necessary — with hydrosulphuric acid, fil 
the fluid from the sulphide of copper, &a, which may precipitate, e 
porate the solution in the water>bath to dryness, and dissolve 1 part 
the residue in 10 parts of water for use. 

Tests, — Solution of nitrate of protoxide of cobalt must be free fi: 
other metals, and especially also from salts of the alkalies ; whea pr 
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pitated "with sulphide of ammonium, and filtered, the filtrate must upon 
evaporation on platinum leave no fixed residue. 

Uses. — Protoxide of cobalt forms upon ignition with certain infusible 
bodies peculiarly- colored compounds, and may accordingly serve for the 
detection of these bodies (oxide of zinc, alumina^ and magnesia ; see 
Section III.}. 



SECTION III. 

EEAOnONS, OR DEPORTMENT OF BODIES WITH REAGENTS. 

§ 86. 

I STATED in my introductory remarks that the operations and experi- 
ments of qualitative analysis have for theii* object the conversion of the 
unknown constituents of any given compound into forms of which we 
hww the deportment, relations, and properties, and which will accord- 
ingly permit us to draw correct inferences regarding the several consti- 
tuents of which the analysed compound consists. The greater or less 
value of such analytical experiments, like that of all other inquiries and 
investigations, depends upon the greater or less degree of certainty with 
which they lead to definite results, no matter whether of a positive or 
negative nature. But as a question does not render us any the wiser if 
we do not know the language in which the answer is returned, so in 
like manner will analytical investigations prove unavailing if we do not 
understand the mode of expression in which the desired information is 
conveyed to us ; in other words, if we do not know how to interpret 
the phenomena produced by the action of our reagents upon the sub* 
stance examined. 

Before we can therefore proceed to enter upon the practical investiga- 
tions of analytical chemistry, it is indispensable that we should reoMy 
possess the most perfect knowledge of the deportment, relations, and 
properties of the new forms into which we intend to convert the sub- 
stances we wish to analyse. Now this perfect knowledge consists, in 
the first place, in a clear conception and comprehension of the conditions 
necessary for the formation of the new compounds and the manifestation 
of the various reactions ; and, in the second place, in a distinct impres- 
sion of the color, form, and physical properties which characterize the 
new compound. This section of the work demands therefore not only 
the most careful and attentive study, bat requires moreover that the 
student should exmnine and verify by ckctti/oZ eosperiment every fact asserted 
in it. 

The method usually adopted in elementary works on chemistry is to 
treat of the various substances and their deportment with reagents in- 
dividually and separately, and to point out their characteristic reactions. 
I have, however, in the present work deemed it more judicious and 
better adapted to its elementary character, to arrange those substances 
which are in many respects analogous into groups and thus, by com- 
paring their analogies with their differences, to place the latter in the 
clearest possible light. 
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A. — ^Reactions, or Dsfobtment akd Properties of the Metallic 

Oxides and of their Radicals. 

{ 87. 

Before prooeedmg to tlie special studj of the several metallic oxides, 
I give here a general view of the whole of them classified in groups — 
showing which oxides belong to each group. The grounds upon which 
the classification has been arranged will appear from the special consi- 
deration of the sevei'al groups. 

First group— 

Fotassa, soda, ammonia (oxide of csesium, oxide of rubidium, lithia). 

Second group— 

Ba/ryta, stroniia, limOf magnesia. 

Third group — 

Alumina, seaquioodde of chromium (berylla, thoria, zirconia, yttria— 
earths ; oxide of terbium, oxide of erbium ; oxides of cerium^ lanthanium, 
didymium, titanium, tautalium, niobium). 

Fourth group — 

Oxides of zinc^ Toanga/nese, nickel, cobalt, iron (uranium, vanadium, 
thallium). 

Fifth group-— 

Oxides of sUver, Tnercury, lead, hismuth, copper, cadmium (palladium, 
rhodium, osmium, ruthenium). 

Sixth group — 

Oxides and acids of gold, platinum, tin, antimony, a/rsenic (iridium, 
molybdenum, tellurium, tungsten, selenium). 

Of these metallic oxides only those printed in italics are found distri* 
buted extensively and in large quantities in that portion of the earth's 
crust which is accessible to our investigations ; these are therefore most 
important to chemistry, arts and manu&ctures, agriculture, pharmacy, 
&c. &c, ; and we shall therefore dwell upon them at greater length. 
The remainder are more briefly considered in paragraphs printed in 
smaller type, which may be passed over by the younger class of stu- 
dents of analytical chemistry. The properties and reactions of the 
metals I have given only in the case of those that are more frequently 
met with in the metallic state in analytical operations. 

§ 88. 

FIRST GROUP. 

More common oxides of the first group : — Potassa, Soda, Ammonia. 

Rarer oxides of the first group : — Oxide of Ojssium, Oxide of 
Rubidium, Lithia. 

Properties of the group, — The alkalies are readily soluble in water, as 
well in the pure or caustic state as in the form of sulphides, carbonates, 
and phosphates. (The salts of lithia, however, dissolve with difficulty.) 
Accordingly the alkalies do not precipitate one another in the pure state, 
nor as carbonates or phosphates (which in the case of lithia, however, 
presupposes a higher degi-ee of dilution of the- solutions), nor are they 
precipitated by hydrosulphuric acid under any condition whatever. The 
solutions of the pure alkalies as well as of their sulphides and carbonates 
restore the blue color of reddened litmus-paper, and impart an intensely 
brown tint to turmeric paper. 
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/^l>ecial Seadiaru of the more common OaAie$ ofthefint group. 

5 89. 
a. PoTAssA. (KO). 

1. PoTASSA and its hydrate and salts are not Tolatile at a faint red- 
lieat Potassa and its hydrate deliquesce in the air ; the oily liquids 
formed do not solidify by absorption of carbonic acid. 

2. Nearly the whole of the salts of potassa are readily soluble in 
water. Xhose with colorless acids are colorless. The neutral salts of 
potassa with stjong acids do not alter vegetable colors. Carbonate of 
potassa crystallizes (in combination with 2 equivalents of water) with 
difficulty, and deliquesces in the air. Sulphate of potassa is anhydrous 
and suffers no alteration in the air. 

3. Bichloride of platinum produces in the neutral and acid solutions of 
the salts of potassa a yellow crystalline heavy precipitate of bichloride 

OF PLATLNUM AND CHLOBIDE OF POTASSIUM (poktssio-bichloride of jdo- 

tinum) (KOlfPtCl,). In concentrated solutions this precipitate sepa< 
rates immediately upoD the addition of the reagent : in dilute solutions 
it forms only after some time, often after a cormderable tima Very- 
dilate solutions are not precipitated by the reagent The precipitate 
consist!} of octahedrons discernible under the microscope. Alkaline 
solutions must be acidified with hydrochloric acid before the bichloride 
of platinum is added. The precipitate is difficultly soluble in water ; 
the presence of free acids does not greatly increase its solubility ; it is 
insoluble in alcohol Bichloride of platinum is therefore a particularly 
delicate test for salts of potassa dissolved in spirit of wine. The best 
method of applying this reagent is to evaporate the aqueous solution of 
the potassa salt with bichloiide of platinum nearly to dryness on the 
water-bath, and to pour a little water over the residue (or, better still, 
some spirit of wine, provided no substances insoluble in -that menstruum 
be present), when the potassio-bichloride of platinum will be left undis- 
solved ' Care must be taken not to confound this double salt with 
ammonio- bichloride of platinum, which greatly resembles it (see § 91, 4.) 

4. Tartaric etcid produces in neutral or alkaline* solutions of salts of 
potassa — a white, quickly subsiding, granvlar crystalline precipitate, of 
ACID TARTRATE OP POTASSA (K O, H O 0, H^ O^). In concentfatcd 
solutions this precipitate separates immediately ; in dilute solutions often 
only after the lapse of some tima Vigorous shaking or stirring of the 
fluid greatly promotes its formation. Very dilute solutions are not pre* 
cipitated by ^his reagent Free alkalies and free mineral acids dissolve 
the precipitate ; it is sparingly soluble in cold, but pretty readily soluble 
in hot water. In acid solutions the free acid must, if practicable, first 
be expelled by evaporation and ignition, or the solution munt be neutral- 
ized with soda or carbonate of soda^ before they can be tested for potassa 
with tartaric acid. 

A(^d UvrtrtUe of soda answers still better as a test for potassa than 
free tartaric acid. The reaction is the same in kind, but different in 
d^ree, being much more delicate with the salt than with the free acid, 
since where the former is used the soda salt of the acid combined with 
the potassa is formed, whereas where free tartaric acid is the test ap« 

* To alkafine solutionB the reagent mmit be added until the fluid shows a strongly 
aeid'xeaotimi. 
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plied the hjdrate of the acid combined with the potassa is formec 
which tends to increase the dissolving action of the water of the meo 
struiim upon the acid tartrate of potassa, and thus to check the separa 
tion of the latter (KO,NO,4-NaO,HO,C,H,0,, = KO,HO,C.H,0,,^ 
NaO,NO,). 

5. If a potassa salt which is volatile at an intense red heat is held o; 
the loop of a platinum wire in the fusion zone of the flame of Bunsen 
gas-h/inp (§ 14, fig. 17), the salt volatilises, and imparts a blue violet tic 
to the part of the flame above the sample. Chloride of potassium an 
nitrate of potassa volatilize rapidly, the carbonate and sulphate les 
rapidly, and the phosphate still more slowly ; but theyfdl of them dif 
tinctly show the reaction, though decreasing in degree. If it is wishe 
to obtain a more uniform manifestation of the reaction, L e, a manifesto 
tion independent of the nature of the acid that may chance to be con 
bined with the potassa, the sample need simply be moistened wit 
sulphuric acid, dried at the border of the flame, and then introduce 
into the fusion zone. With silicates, and other compounds of potassa < 
diflicult volatility, the reaction may be ensured by fluxing the samp 
first with pure gypsum, as this serves to form silicate of lime and sv 
phate of potassa, which latter salt then readily colors the flam 
Decrepitating salts are ignited in a platinum spoon before they ai 
attached to the loop. 

The sample of the potassa salt under examination may also be he 
before the apex of the inner blowpipe flame produced with a spirit-lam 
Presence of a salt of soda completely obscures the potassa coloration 
the flame. 

The spectrum of the potassa flame produced by the spectrum apparat- 
(§ 15, Gg, 20) is shown on Table I. It contains two characteristic lin< 
the red line a and the indigo blue line /3. If the potassa flame is o 
served through the indigo prism (§ 15, fig. 19) the coloration appes 
sky-blue, violet, and at last intensely crimson, even through the tidck< 
layers of the solution. Admixtures of lime-, soda-, and lithia-compoun 
do not alter this reaction, as the yellow rays cannot penetrate the indi 
solution, and the rays of the lithia flame also are only able to pi 
through the thinner layers of that solution, but not through the thick 
layers ; the exact spot where the penetrating power of the rays of t 
lithia flame ceases has to be marked by the operator on his indi 
prism. But organic substances which impart luminosity to the flai 
might lead to mistakes, and must therefore, if present, first be remov 
by combustion. Instead of the indigo prism a blue glass may be use 
if lithia is present the glass must be sufficiently thick to keep out 1 
red lithia rays. 

6. If a salt of potassa (chloride of potassium answers best) is heai 
with a small quantity of water, alcohol (burning with colorless flat 
added, heated, and then kindled, the flame appears violet. The p 
sence of soda obscures this reaction, which is altogether much ] 
delicate than the one described in 5. 

§90. 

b. Soda (Na O). 

1. Soda and its hydratb and salts present in general the same } 
perties and reactions as potassa and its corresponding compounds, '. 



oily fluid which soda forms by deliquesciDg in the air resolidifies speedily 
by absorption of carbonic acid. Carbonate of soda crystallizes readily ; 
the crystals (NaO, C0,+ 10 aq.) effloresce rapidly when exposed to 
the air. The same applies to the crystals of sulphate of soda (Na O, 

SO,+ 10aq.). 

2. If a sufficiently concentrated solution of a soda salt with neutral or 
alkaline reaction is mixed, for greater convenience, in a watch-glass, with 
a solution of granular cnUimonate of poiassa prepared according to the 
directions of § 51, the mixture remains clear at first, or appears only 
slightly colored ; but upon rubbing the part of the glass wetted by the 
fluid with a glasiy rod, a crystalline precipitate of antimokate of soda 
(NaO,SbO^ + 7 aq.) speedily separates, which makes its appearance first 
along the lines rubbed with the rod, and subsides from the fluid as 
a heavy sandy precipitate. From dilute solutions of 'soda salts the 
precipitate separates only after some time, occasionally as much asi 
twelve hours. From very dilute solutions it does not separate at alL 
The precipitated antimonate of soda is invcmMy crystalline. Where it 
has separated slowly it occasionally consists of well- formed microscopic 
cubic octahedrons, but more frequently of four-sided columns tapering 
pyramid fashion ; where it has separated promptly, it appears in the 
form of small boat-shaped crystals. Presence of larger quantities of 
Baits of potassa interferes very considerably with the reaction. Acid 
solutions cannot be tested with antimonate of potassa, as free acids 
will separate from the latter substance hydrated antimonic acid or 
acid antimonate of potassa. It is indispensable therefore, before adding 
the reagent, to remove, if possible, the free acid by evaporation or 
ignition, or where this is not practicable, by neutralizing the acid ' 
solution with a little carbonate of potassiBk until the reaction is feebly 
alkaline. It should also be borne in mind that only such solutions can 
be tested with antimonate of potassa which contain no other bases 
besides soda and potassa. 

3. If salts of soda are held in the fusion zone of Bv/nserCs gas-lamp, or 
IB the inner apirU-blotopipe Jlame, they show, with regard to their rela- 
tive volatility and the action of decomposing agents upon them, a similar 
deportment to the salts of potassa ; the soda salts are, however, a little 
less volatile than the corresponding potassa salts. But the most charac- 
teristic sign of the presence of soda salts is the mtense yellow coloration 
which they impart to the flame. This reaction will eflect the detection 
of even the minutest quantities of soda, and is not obscured even by the 
presence of larger quantities of potassa. . * 

The soda spectrum (Table I.) shows only a single yellow line, a. The re- 
action is so exceedingly delicate that the chloride of sodium contained in at- 
mosphericdustgenerallysufficestogive a soda spectrum, although a faint one. 

It is characteristic of the soda .flame that a crystal of bichromate of 
potassa appears colorless in its light, and that a slip of paper coated with 
iodide of mercury appears white with a faint shade of yellow (Bunsen) ; 
also that it looks orange yellow when observed through a green gldss 
(Merz). These reactions are not obscured by presence of salts of potassa, 
lithia, and lime. 

. 4. If salts of soda (chloride of sodium answers best) are treated as 
stated in the preceding paragraph on potassa, sub. 6, the alcohol flams 
is colored intensely yellow. The presence of a potassa salt does not 
impair the distinctness of this reaction. 
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5. Bichloride (^platinum produces no precipitate in solutions oi 
salts. Sodlo-biohloride of platinam dissolves readHj both in i^at< 
in spirit of win« ; it crystallizes in rosy prisma 

6. TartcMrie acid and acid tartraie o/soda Ml to precipitate eve] 
centraied neutral solutions of soda salts. 



91. 

c. Ammonia (NH^O). 

1. Anhydrous ammonia (N H,) is gaseous at the common tempera 
but we have moat frequently to deal with it in its aqueous 8oiuti< 
which it betrays its presence at onee by its penetrating odor, 
expelled from this solution by the application of heat. It ma 
assumed that the solution contains it as oxide of ammonium (NJ 
(see § 33). 

2. All the SALTS OF ammonia are volatile at a high temperature, e 
with or without decomposition. Most of them are readily solubi 
water. The solutions are colorless. The neutral compounds of amiz 
with strong acids do not alter vegetable colors. 

3. If salts of ammonia are triturated together with hydrcUe of i 
best with the addition of a few drops of water, or are, either in the i 
state or in solution, heated with solution of potassa or of soda, the amm 
is liberated in the gaseous state, and betrays its presence — 1, b; 
characteristic odob ; 2, by its beaction on moistened test-papers ; 
3, by giving rise to the formation of white fumes when any object 
a glass rod) moistened with hydrochloric acid, nitric acid, acetic acic 
any of the volatile acids^ is brought in contact with it. These fn 
arise from the formation of solid ammoniacal salts produced by the < 
tact of the gases in the air. Hydrochloric acid is the most delicate 
in this respect ; acetic acid, however, admits less readily of a misti 
If the expulsion of the ammonia is effected in a small beaker, best v 
hydrate of lime, with addition of a very little water, and the beake 
covered with a watch-glass having a slip of moistened turmeric or i 
dened litmus-paper attached to the centre of the convex side, the react 
will show the presence of even very minute quantities of ammonia; o 
it is not immediate in such cases, but requires some time for its m^ 
festation. It is promoted and accelerate by application of a gentle h< 

4. Bichloride of platirmm shows the same deportment with salts 
ammonia as with salts of potassa ; the yellow precipitate of bichlor: 

OF PLATINUM AND CHLORIDE OF .AMMONIUM (NH^ 01, Pt CI,) is, howe^ 

of a somewhat lighter color than potassio-bichloride of platinam. 
consists, like the corresponding potassium compound, of octahedrons c 
cemible under the microscope. 

5. Tarta/ric add throws down from most highly concentrated ammoi 
salt solutions with neutral reaction part of the ammonia as acid tartn 
of ammonia (NH^O, HO, OgH^Oj). Less concentrated solutions i 
not precipitated. Add tcMircUe of soda precipitates concentrated sol 
tions more completely, and produces a precipitate even in more dilt 
solutions. The precipitated acid tartrate of ammonia is white and crjsti 
line. Its separation may be promoted by shaking the glass, or rubbii 
it inside with a glass rod. By solvents it is acted upon the same as ti 
corresponding potassa salt, only that it is a little more readily soluble : 
water and in acids. 
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§92. 

Beeapilulation and remarks. — ^The salts of potaasa and soda are not 
▼olatile at a moderate red heat, whilst the salts of ammonia Yolatilizs 
readily ; the latter may therefore be easily separated from the former by 
ignition. The expulsion of ammonia from its compounds by hydrate of 
lime affords the sorest means of ascertaining the presence of this sab- 
stance. Salts of potassa can be detected in the humid way poeiiwefy 
only after the removal of the ammoniacal salts which may be present, 
since both classes of salts manifest the same or a similar deportment with 
bichloride of platinum and tartaric acid. After the removal of the am- 
monia the potassa is clearly and positively characterized by either of 
these two reagenta Let it be borne in mind always that the reactions 
will only show in concentrated fluids, and that dilute solutions must 
therefore first be concentrated. A single drop of a concentrated solution 
will give a positive result, which cannot be obtained with a large quan- 
tity of a dilute fluid. The most simple way of detecting the potassa in 
the two sparingly soluble compounds that have come under our consider- 
ation here— viz., the potassio-bichloride of platinum and the acid tartrate 
of potassa — is to decompose these salts by ignition ; the former thereupon 
yields the potassa in the form of chloride of potassium, the latter in the 
form of carbonate of potassa. As regards soda, this alkali may be de- 
tected with positive certainty in the humid way by antimonateof potassa, 
pxx>Tided the reagent be properly prepared and freshly dissolved, and the 
soda salt solution be concentrated, neutral, or feebly alkaline, and free 
from other bases^ and that it be borne in mind that antimouate of soda 
invariably separates in the crystalline form, and not in a flocculent 
state. To detect in this way very minute quantities of soda in presence 
of a large proportion of potassa^ precipitate the latter alkali first with 
bichloride of platinum, filter, remove the platinum from the filtrate by 
hydrosulphuric acid (§ 127), filter, evaporate the filtrate to dryness, 
ignite gently, dissolve the residue in a very little water, and then test 
the solution finally with antimonate of potassa. 

Potassa and soda may be detected much more readily and speedily than 
in the humid way, and also with far greater delicacy, by the flame colo- 
ration. We have seen, indeed, that the soda coloration completely obscures 
the potassa coloration, even though the potassa salt contains only a trifling 
admixture of soda salt. But with the aid of the spectrum apparatus the 
spectra of the two are obtained so distinct and beautiful that a mistake 
is altogether impossible. And even without a spectrum apparatus the 
potassa coloration can always be distinctly recognised through the in- 
digo prism, or through a blue glass, even in a flame colored strongly 
yellow by soda ; and the soda coloration a^in may be placed beyond 
doubt^ if necessary, with the aid of iodide of mercury paper, or green 
glass, in the manner already described. 

Exceedingly minute traces of ammonia may be detected by the follow- 
ing test^ which was first recommended by J. Nessleb. Dissolve 2 
grammes of iodide of potassium in 5 cubic centimetres of water, heat the 
solution, and add iodide of mercury until the portion last added remains 
undissolved. Let this mixture cool, then dilute with 20 cubic centi- 
metres of water. Let the fluid stand some time, filter, and mix 20 cubic 
centimetres of the filtrate with 30 cubic centimetres of a concentrated 
solation of potassa. Should the fluid turn turbid, filter it oxice more. 
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Upon adding to this solution a little of a fluid containing ammonia, 
or an ammonia salt, a reddish-brown precipitate is formed if the am- 
monia is present in some quantity ; but there is, at anj rate, always 
a yellow coloration produced, even if only most miniUe traces of ammonia 
are present. The precipitate consists of tetrahydrargyro-iodide of 
ammonium (NHgJ,2H0): 4(Hgl,KI) + 3 KO + NH, = (NHg,I + 
2HO) + 7KI + HO. Application of heat promotes the ^separation 
of the precipitate. Presence of chlorides of the alkali metals, or of salts 
of the alkalies with oxygen acid, does not interfere with the reaction ; 
but presence of cyanide of potassium, and of sulphide of potassium, will 
prevent it, 

§93. 

Special JUactions of the rarer Oxides of thefirtt group. 

1. OxiDS OF Cjisium (CsO), and 2, Oxids of Rubidium (RbO). 

The csesium and rubidium compounds are, it would appear, found pretty widely 
disseminated in nature, but always in very minute quantities only. They have hitherto 
been foand chiefly in the mother liquors of mineral waters, and in a few minerals, 
(lepidolite, for instance). The caesium and rubidium compounds bear in general great 
resemblance to the potassium compounds, more particularly in this, that their concen- 
trated aqueous solutions are precipitated by tartaric acid and by bichloride ofplati- 
numt and also that those of them that are volatile at a red heat ^tinge the JlaToe 
violet. The most notable characteristic differences, on the other hand are that the 
precipitates produced by bichloride of platinum are far more insoluble in water than the 
potassio- bichloride of platinum ; 100 grammes of water will, at 50° Fahrenheit, dis- 
solve 900 milligrammes of potassio- bichloride of platinum, but only 154 milligrammes 
of the rubidio- bichloride of platinum, and as little as 50 milligrammes of the csesio- 
bichloride of platinum— and, above all, that the flames colored by caesium and rubidium 
eompounds give spectra quite different from the potassium spectrum (see Table I). 
The caesium spectrum is especially characterized by the two blue lines a and /3, which 
are remarkable for their wonderful intensity and sharp outline ; also by the line y, 
which, however, is less strongly marked. Amongst the lines in the rubidium spectrum, 
the splendid indigo-blue lines marked a and /3 strike the eye by their extreme bril- 
liancy. Less brilliant, but still very characteristic, are the lines 5 and y. Lastly, we 
have still to mention that carbonate of oxide of caesium is soluble in absolute alcohol, 
whilst carbonate of oxide of rubidium is insoluble in that menstruum. Still, a separa- 
tion of the two oxides is effected only with difficulty by tbis means, as they seem to 
form a double salt which is not absolutely insoluble in alcohoL 

3. LiTHiA (LiO). 

Lithia is also found pretty widely disseminated in nature^ but in minute quantities 
only. It is often met with in the analysis of mineral waters and ashes of plants, less 
frequently in the analysis of minerals, and only rarely in that of technical and phar- 
maceutical products. Lithia forms the transition from the first to the second group. 
It dissolves with difficulty in water; it does not attract moisture from the air. 
Most of its salts are soluble in water ; some of them are deliquescent (chloride of 
lithium). Carbonate of lithia is difficultly soluble, particularly in cold water. Phos- 
phate of soda produces in not over dilute solutions of salts of lithia upon boiling, 
a white crystalline precipitate of tribasic phosphate of lithia (3 LiO, PO^), which 
quickly subsides to the bottom of the precipitating vessel. This reaction, which is 
characteristic of lithia, is rendered much more delicatb by adding with the phosphate 
of soda a little solution of soda, just sufficient to leave the reaction alkaline, evapo- 
rating the mixture to dryness, treating the residue with water, and adding an equal 
\ volume of liquid ammonia. By this course of proceeding even very minute quantities 

* of lithia will be separated as 3 LiO, PO^. The precipitate fuses before the blowpipe, 

and gives upon fusion with carbonate of soda a clear bead ; when fused upon char- 
coal it is absorbed by the pores of the latter body. It dissolves in hydrochloric acid 
to a fluid which, supersaturated with ammonia, remains clear in the cold, but upon 
boiling gives a heavy crystalline precipitate of 3LiO, PO^. (Reactions by which 
the phosphates of lithia differ from the phosphates of the alkaline earths). Tartaric 
acid and bichloride ofplatirmm fail to precipitate even concentrated solutions of salts 
of lithia. If salts of Uthia are exposed to the gas or blowpipe flame, in the manner 



BARYTA^ STBONTIA^ LIME^ MAGNESIA. 81 

deacribed in the chapter on the potassa reactions (§ 89, 5), they tinge the flames car- 
mine-red. Silicates containing lithia demand addition of gypsum to produce this 
reaction. Phosphate of lithia will tinge the flame carmine-red if the fused bead is 
moistened with hydrochloric acid. The soda coloration conceals the lithia coloration ; 
in presence of soda, therefore, the lithia tint must be viewed through a blue glass, or 
through a thin layer of indigo solution. Presence of a small proportion of potassa 
will not conceal the lithia coloration. In presence of a large proportion of potassa, the 
lithia may be identified by placing the bead in the point of fusion, viewing the colored 
flame through the indigo prism (§ 15), and comparing it with a pure potassa flame 
prodaoed in the opposite fusion mantle. Viewed through thin layers, the lithia-colored 
name appears now redder than the pure potassa flame ; viewed Uirough somewhat 
thicker layers, the flames appear at last equally red, if the proportion of the lithia to 
the potassa is only trifling ; but when lithia predominates in the examined sample 
the intensity of the red coloration imparted by lithia decreases perceptibly when viewed 
throogh thicker layers, whilst the pure potassa- flame is scarcely impaired thereby. By 
this means lithia may still be detected in potassa salts, even Uiough present only 
in the proportion of one part in several thousand parts of the latter. Soda, unless 
present in over- large quantities, interferes but little with these reactions (Gabtmell, 

£UN8EN). 

The lithium tpectrwm (Table I.) is most brilliantly characterized by the splendid 
carmine-red line a, and the orange-yellow very faint line /3. If alcohol be poured over 
chloride of lithium, and then ignited, the flame shows also a carmine-red tint. Pre- 
sence of salts of soda will mask this reaction. 



To detect small quantities of csesium, rubidium, and lithium in presence of very 
Unge quantities of soda or potassa, extract the dry chlorides, with addition of a few 
drops of hydrochloric acid, with alcohol of 90 per cent., which leaves behind the far 
larger portion of the chloride of sodium and chloride of potassium. Evaporate the 
solution to dryness, dissolve the residue in a little water, and precipitate with bichloride 
of platinum. Filter the fluid off, wash the precipitate repeatedly with boiling water, 
to remove the potassio- bichloride of platinum present, and examine in the course of 
this process repeatedly by the spectroscope. The potassa spectrum will now be found to 
grow fainter and fainter, whilst the spectra of rubidium and caesium will become visible, 
if these metals are present. Evaporate the fluid filtered off from the platinum preci- 
pitate to dryness, heat the residue to slight redness in the hydrogen current, to 
decompose the sodio-bichloride of platinum and the excess of bichloride of platinum, 
moisten with hydrochloric acid, drive off the acid again, and extract the chloride of 
lithium finally with a mixture of absolute alcohol and ether. The evaporation of the 
solution obtained leaves the chloride of lithium behind in a state of almost perfect 
purity ; it may then be further examined and tested. Before drawing from the simple 
coloration of Uie flame the conclusion that lithia is present, it is advisable, in order to 
gnard against the chance of enx>r, to test a portion of the residue, dissolved in water, 
with carbonate of ammonia, to make quite sure that strontia or lime is not 
present. The addition of hydrochloric acid, which is repeatedly prescribed in the 
above process to precede the extraction of the chloride of lithium with alcohol, is 
necessary for this reason, that chloride of lithium is, even at a moderate red heat, 
converted by the action of aqueous vapor into caustic lithia, which then attracts car- 
bonic acid, forming carbonate of lithia, which is insoluble in alcohol. 

§ 94. 

second group. 

Babtta, Stbontia, Lime, Magnesia. 

Properties of the group. — The alkaline earths are soluble in water in 
the pure (caustic) state. Magnesia, howeyer, dissolves but very sparingly 
in water. The solutions manifest alkaline reaction ; the alkaline reaction 
of magnesia is most clearly apparent when that earth is laid upon. 
moistened test-paper. The neutral carbonates and phosphates of the 
alkaline earths are insoluble in water. The solutions of the salts of the 
alkaline earths are therefore precipitated by carbonates and phosphates of 

I. G 
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the alkalies. This reaction distinguishes the oxides of the second group 
from those of the first From the oxides of the other groups they are 
distinguished by the solutions being neither precipitated by hydrosul- 
phuric acid, nor by sulphide of ammonium. The alkaline earths and 
their salts are not volatile at a moderate red heat ; they are colorless. 
The solutions of their nitrates and chlorides are not precipitated by car- 
bonate of baryta. 

Special Seactions. 

§ 95. 
a. Bajiyta (BaO). 

1. Caustic BARYTA is pretty readily soluble in hot water, but rather 
sparingly so in cold water ; it dissolves freely in dilute hydrochloric or 
nitric acid. Hydrate of baryta fuses at a red heat, without losing its 
water. 

2. Most of the salts of baryta are insoluble in water. The soluble 
salts do not affect vegetable colors, and are decomposed upon ignition, 
with the exception of chloride of barium. The insoluble salts dissolve 
in dilute hydrochloric acid, except the sulphate of baryta and the silico- 
fluoride of barium. Nitrate of baryta and chloride of barium are inso- 
luble in alcohol, and do not deliquesce in the air. Concentrated solu- 
tions of baryta are precipitated by hydrochloric or nitric acid added in 
large proportions, as chloride of barium and nitrate of baryta are not 
soluble in the aqueous solutions of the said acids. 

3. Ammonia produces no precipitate in the aqueous solutions of salts 
of baryta ; potassa or soda (free from carbonic acid) only in highly con- 
centrated solutions. Water redissolves the bulky precipitate of crys- 
tals OP baryta (Ba 0,H O + 8 aq.) produced by potassa or soda. With 
acid fluids the application of heat is required to effect complete precipi- 
tation. 

4. Carbonates of the alkalies throw down from solutions of baryta car- 
bonate OP BARYTA (Ba O, C Og) in the form of a white precipitate* 
When carbonate of ammonia is used as the precipitant, or if the solution 
was previously acid, complete precipitation takes place only upon heating 
the fluid. In chloride of ammonium the precipitate is soluble to a 
trifling yet clearly perceptible extent ; carbonate of ammonia therefore 
produces no precipitate in very dilute solutions of baryta containing 
much chloride of ammonium. 

5. Svlphuric add and all the soluble sulphates^ more particularly also 
solution of sulphate of lime, produce even in very dilute solutions of 
baryta, a heavy, finely pulverulent, white precipitate of sulphate of 
BARYTA (Ba 0, S Oj), which is insoluble in alkalies, nearly so in dilute 
acids, but perceptibly soluble in boiling concentrated hydrochloric and 
nitric acids, as well as in concentrated solutions of ammonia salts ; how- 
ever, in these latter only if there is no excess of sulphuric acid present. 
This precipitate is generq,lly formed immediately upon the addition of 
the reagent; from highly dilute solutions, however, especially when 
strongly acid, it separates only after some time. 

6. Hi/drofluosUidc a^cid throws down from solutions of baryta silico- 
fluoride of bariuh (BaFl, Sirij)in the form of a colorless crystalline 
quickly subsiding precipitate. In dilute solutions this precipitate is 
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formed only after the lapse of some time ; it is perceptibly soluble in 
hydrochloric and nitric acids. Addition of an equal volume of alcohol 
hastens the precipitation and makes it so complete that the filtrate re- 
mains clear upon addition of sulphuric acid. 

7. Phosphate of soda produces in neutral or alkaline solutions of 
baryta a white precipitate of phosphate of baryta. (2 BaO, HO, POJ, 
which is soluble in free acids. Addition of ammonia only slightly in- 
creases the quantity of this precipitate, a portion of which is in this 
process converted into basic phosphate of baryta (3 BaO, PO^). Chlo- 
ride of ammonium dissolves the precipitate to a clearly perceptible extent. 

8. Oxalate of ammonia produces in moderately dilute solutions of 
baryta a white pulverulent precipitate of oxalate of baryta (2 BaO, 
C^O^ + 2 aq.), which is soluble in hydrochloric and nitric acids. When 
recently thrown down, this precipitate dissolves also in oxalic and acetic 
acids ; but the solutions speedily deposit binoxalate of baryta (BaO, 
HO, C^O^ + 2 aq.) in the form of a crystalline powder. 

9. If soluble siJts of baryta in powder are heated with dilute spirit of 
winey they impart to the flame a greenish- yellow color, which, however, 
18 not very characteristic. 

10. If salts of baryta are held on the loop of a platinum wire in 
the hottest part of Bunsen^s gas flame, the part of the flame above the 
sample is colored yellowish-oreek ; or, if the baryta salts are held in 
the inifier spirit-blowpipe flame, the same coloration is imparted to the 
part of the flame before the sample. With the soluble baryta salts, and 
also with the carbonate and sulphate of baryta, the reaction is immediate 
or very soon ; but. the phosphate demands previous moistening of the 
sample with sulphuric acid or hydrochloric acid, by which means the 
baryta may be detected by the flame coloration also in silicates decom- 
posable by acids. Silicates which hydrochloric acid fails to decompose 
must be fluxed with carbonate of soda, when the carbonate of baryta 
produced will show the reaction. It is characteristic of the yellowish- 
green baryta coloration of the flame that it appears bluish-green, when 
viewed through the green glass. If the sulphates are selected for the 
experiment, presence of lime and strontia will not interfere with the 
reaction. The baryta spectrum is shown in Table I. The green lines, a 
and /3, are the most intense ; y is lesser marked, but still characteristic. 

1 1. Cold solutions of bicarbonates of the alkalies or of carbona/te of 
ammonia fail to decompose sulphate of baryta, or, to speak more cor- 
rectly, they decompose that salt only to a scarcely perceptible extent ; the 
same applies to a boiling solution of 1 pa^ of ca/rbonoite amd 3 pa^rts of 
mdphate of potassa. Repeated action of boiling solutions of simple or 
monocarbonates of the alkalies upon sulphate of baryta succeeds in the 
end completely in decomposing that salt. It is readily decomposed also 
by fusion in conjunction with carbonates of the alkalies, which results 
in the formation of a sulphate of the fluxing alkali, which is soluble in 
water, and of carbonate of baryta, which is insoluble in that menstruum 

§96- 
5. Stroktia (SrO). 

1. Strontia and its hydrate and salts have nearly the same general 
properties and reactions as baryta and its corresponding compounds.—* 

g2 
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Hydrate of strontia is more sparingly soluble in water th'an Hydrate of 
bejryta. — Chloride of strontium dissolves in absolute alcohol and deli- 
quesces in moist air. Nitrate of strontia is insoluble in absolute alcohol 
and ^oes not deliquesce in the air. 

2. The salts of strontia show with ammoniaf potaaaa, and soda, and 
also with the ca/rhoruUea of the alkalies and with phosphate of soda, 
nearly the same reactions as the salts of baryta. Carbonate of strontia 
dissolves somewhat more difficultly in chloride of ammonium than is the 
case with carbonate of baryta. 

3. SidphnHo add and sulphates precipitate from solutions of strontia 
SULPHATE OF STRONTIA (SrO, SO,) in the form of a white powder. 
Sulphate of strontia is insoluble in spirit of wine ; addition of alcohol 
will therefore promote the separation of the precipitate. Application of 
heat greatly promotes the precipitation. Sulphate of strontia is far more 
soluble in water than sulphate of baryta ; owing to this readier solu-< 
bility, the precipitated sulphate of strontia separates from rather dilute 
solutions in general only after the lapse of some time ; and this is inva- 
riably the case (even in concentrated solutions) if soliUion of sulphate of 
lime is used as precipitant. In hydrochloric acid and in nitric acid sul- 
phate of strontia dissolves perceptibly. Presence of larger quantities of 
these acids will accordingly most seriously impair the delicacy of the re- 
action. Solution of sulphate of strontia in hydrochloric acid is, after 

' dilution with water, rendered turbid by chloride of barium. 

4. Hyd/rofluosUiciG a,cid fails to produce a pi'ecipitate even in concen- 
trated solutions of strontia ; even upon addition of an equal volume of 
alcohol no precipitation takes place, except in very highly concentrated 
solutions. 

5. OxciUUe of ammonia precipitates even from rather dilute solutions 

I OXALATE or STRONTIA (2 SiO,0 + 5 aq.) in the form of a white powder, 
which dissolves readily in hydrochloric and nitric acid, and perceptibly in 
salts of ammonia, but is only sparingly soluble in oxalic and acetic acid. 

6. If salts of strontia soluble in water or alcohol are heated with 
dilute spirit of wine, and the spirit is kindled, the flame appears of a 
very intense carmine color, more particularly upon stirring the alcoholic 
mixture. 

7. If a strontia salt is held in the fusion zone of BuohsevCs gas flamts, or 
in the inner spirit-blowpipe flama, an intensely red color is imparted to 
the flame. > With chloride of strontium the reaction is the most distincl;, 
less clear with strontia and carbonate of strontia^ fainter still with 
sulphate of strontia, and scarcely at all with strontia compounds 
with fixed acids. The sample is therefore, after its first exposure to the 
flame, moistened with hydrochloric acid, and then again exposed to the 
flame. If sulphate of strontia is likely to be present, the sample is first 
exposed a short time to the reducing flame (to produce sulphide of 
strontium), before it is moistened with hydrochloric acid Viewed 
through the hlus glasSf the strontia flame appears purple or rose (difle- 
rence between strontia and lime, which latter body shows a faint . 
greenish-gray color when treated in this manner) ; this reaction is the 
most clearly apparent if the sample moistened with hydrochloric acid is 
let spirt up in the flame. In presence of baryta the strontia reaction 
shows only upon the first introduction of the sample moistened with 
hydrochloric acid into the flame. The strontia spectrum is shown in 
Table L It contains a number of characteristic lines, more especially 
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the orange line a, the red lines j3 and y, and the blue line 5, which latter 
is more particularly suited for the detection of strontia in presence of 
lime. 

8. Sulphate of strontia is completely decomposed by continued diges- 
tion with solutions of ccvrhoTiate of ammonia or of hica/rbonatea of the 
aikaUes, but much more rapidly by boiling with a solution of 1 part 
of ca/rbonruUe of potasaa and 3 parts of aulphate of potasaa (essential dif- 
ference between sulphate of strontia and sulphate of baryta). 

§ 97. 
e. Limb (CaO). 

1. Lime and its hydrate and salts present in their general properties 
and reactions, a great similanty to baryta and strontia and their cor- 
responding compounds. Hydrate of lime is far more difficultly soluble 
in water than the hydrates of baryta and strontia ; it dissolves also more 
sparingly in hot than in cold water. Hydrate of lime loses its water 
upon ignition. Chloride of calcium and nitrate of lime are soluble in 
absolute alcohol and deliquesce in the air. 

2. Ammonia f potaarn, carbonates of the alkalies, and phosphate of soda 
show nearly the same reactions with salts of lime as with salts of baryta. 
Kecently precipitated carboivatb of limb (CaO, CO^) is bulky and 
amorphous — after a time, and immediately upon application of heat, it 
falls down and assumes a crystalline form. Beoently precipitated car* 
bonate of lime dissolves pretty readily in solution of chloride of ammo- 
nium; but the solution speedily becomes turbid, and deposits the 
greater part of the dissolved salt in form of crystals. 

3. Sidphv/rie add and sulphate of soda produce immediately in highly 
conoentrated solutions of lime white precipitates of sulphate of lime 
(CaO, SO^ HO + aq.), which redissolve completely in a large proportion 
of water, and are still far more soluble in acids. In less concentrated 
solutions the precipitates are formed only after the lapse of some time ; 
and no precipitation whatever takes place in dilute solutions. Solution 
of sulphate of lime of course cannot produce a precipitate in salts of 
lime ; but even a cold saturated solution of sulphate of potassa, mixed 
with 3 parts of water, produces a precipitate only after standing from 
twelve to twenty-four hours. In solutions of lime which are so very 
dilute that sulphuric acid has no apparent action on them, a precipitate 
will immediately form upon addition of alcohol. 

4. Hydrqfl/uosUicic add does not precipitate salts of lime. 

5. OxaiUUe ofaanmonia produces in solutions of lime a white pulverulent 
precipitate of oxalate of lime. If the fluids are in any degree con-v 
oentrated or hot, the precipitate (2 CaO, C^ O^ + 2 aq.) forms at once ; but 
if they are very dilute and cold, it forms only after some time, in which 
latter case it is more distinctly crystalline and consists of a mixture of 
the above salt with 2 CaO, C^0, + 6 aq. Oxalate of lime dissolves 
readily in hydrochloric and nitric acids ; but acetic and oxalic acids fail 
to dissolve it to any perceptible extent. 

6. Soluble salts of lime when heated with dilute spirit of wine impart 
to the flame of the latter a tellowish-bed color, which is liable to 
be confounded with that communicated to the flame of alcohol by salts 
ctf strontia. 
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7. If salts of lime are held in the hottest part of BunserCs gctajlcbm 
or in the inner spirU-blow-pipe flattie^ they impart to the flame a. YH 
LOWISH-BED color. This reaction is the most distinct with chloride < 
calcium ; sulphate of lime shows it only after its incipient conversio 
into basic salt, and carbonate of lime also most distinctly after th. 
escape of the carbonic acid. Compounds of lime with fixed acids d 
not color flame ; those of them which are decomposed by hydrochlori 
acid will) however, show the reaction after moisteniug with that acid 
The reaction is in such cases promoted by flattening the loop of fhi 
platinum wire, placing a small portion of the lime compound aipon it 
letting it frit, adding a drop of hydrochloric acid, which remains hanging 
to the loop, and then holding the latter in the hottest part of the flame. 
The reaction shows now the most distinct light immediately upon the dis- 
appearance of the drop, which in this process, as in Leidenfrost's phe- 
nomenon, evaporates without boiling (Bunsen). Viewed through the 
gr^n glassy the lime coloration of the flame appears finch-green colored on 
letting the sample moistened with hydrochloric acid spirt iMtftie flame 
(difference between lime and strontia, which latter substMice under 
similar circumstances shows a very taint yellow) (Merz). U presence 
of baryta the lime reaction shows only upon the first intifiilction of 
the sample into the flame. The lime spectrum is shown i|to Table X. 
The intensely green Ime /3 is more particularly characterisf^e; also the 
intensely orange line a. It requires a very good appar^ptfis to show 
the indigo-blue line to the right of G- in the solar spectruffii'^ as this is 
much less luminous than the other lines. 

8. With monocarbonates and bicarbonates of the alkalies, sulphate of 
lime shows the same reactions as sulphate of strontia« u 

§ 98. 
d. Magnesia (MgO). 

1. Magnesia and its hydbate are white powders of &r greater bul^ 
than the other alkaline earths and their hydrates. Magnesia and 
hydrate of magnesia are nearly insoluble both in cold and hot water. 
Hydrate of magnesia loses its water upon ignition. ^ 

2. Some of the salts of magnesia are soluble in water, others arei 
insoluble in that fluid. The soluble salts of magnesia have a- nauseous 
bitter taste ; in the neutral state they do not alter vegetable colors ; 
-with the exception of sulphate of magnesia, they undergo decomposition 
when gently ignited, and the greater part of them even upon simple 
evaporation of their solutions. Nearly all the salts of magnesia which 
are insoluble in water dissolve readily in hydrochloric acid. 

3. Ammonia throws down from the solutions of neutral salts of mag- 
nesia part of the magnesia as hydbate (MgO, HO) in the form of a 
white bulky precipitate. The rest of the magnesia remains in solution 
as .a double salt, viz., in combination with the ammonia salt which forms 
upon the decomposition of the salt of magnesia ; these double salts are 
not decomposed by ammonia. It is owing to this tendency of salts of 
magnesia to form such double salts with ammoniacal compounds that 
ammonia fails to precipitate them in presence of a sufficient proportion 
of an ammonia salt with neutral reaction ; or, what comes to the same, 
that ammonia produces no precipitate in solutions of magnesia contain- 
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iog a sufficient qnantitj of free acid, and that precipitates produced by 
ammonia in neutral solutions of magnesia are redissolved upon the 
addition of chloride of ammonium. 

4. Potaasa, soda, caustic ha/ryta, and caustic lime, throw down from 
solutions of magnesia hydbate of magnesia. The separation of this 
precipitate is greatly promoted by boiling the mixture. Chloride of 
ammonium and other similar salts of ammonia redissolve the washed 
precipitated hydrate of magnesia. If the salts of ammonia are added 
in sufficient quantity to the solution of magnesia before the addi- 
tion of.' the precipitant, small quantities of the latter fail altogether to 
produce a precipitate. However, upon boiling the solution afterwards 
ynih an excess of potassa, the precipitate will of course make its appear- 
ance, since this process causes the decomposition of the ammonia salt, 
removing thus the agent which retains the hydrate of magnesia in 
eolation. ' 

5. CarhorMte qfpotassa and carhonaU of soda produce in neutral solu- 
tions of magnesia a white precipitate of basic carbonate of magnesia 
4 (Mg O, C O J + Mg O, H O + 10 aq. One-fifth of the carbonic acid of 
the decomposed alkaline carbonate is liberated in the process, and 
combines with a portion of the carbonate of magnesia to bicarbonate, 
which remains in solution. This carbonic acid is expelled by boiling, 
and an additional precipitate formed (Mg O, C O, + 3 aq.) Application 
of heat therefore promotes the separation and increases the quantity of 
the precipitate. Chloride of ammonium and other similar salts of 
ammonia prevent this precipitation also, and redissolve the precipitates 
already formed. 

6. If solutions of magnesia are mixed with carbonate of ammonia^ 
the fluid always remains clear at first ; but after standing sonie time, it 
deposits, more or less quickly or slowly according to the greater or less 
concentration or dilution of the solution, a crystalline precipitate of 
oabbonate of magnesia and ammonia (NH^O, COj + MgO, C0,+ 
4 aq.) In rather highly dilute solutions this precipitate will not form. 
Addition of ammonia promotes its separation. Chloride of ammonium 
counteracts it, but it cannot prevent the formation of the precipitate in 
rather highly concentrated- solutions. 

7. PhaspluUe of soda precipitates from solutions of magnesia, if they 
are not too dilute, phosphate of magnesia (2 Mg O, HO, PO,, + 14 aq.) 
as a white powder. Upon boiling, basic phosphate of magnesia (3 Mg O, 
PO^ + 7 aq«) toparates, even from rather dilute solutions. But if the 
addition of the precipitant is preceded by that of chloride of ammonium 
and ammonia, a white crystalline precipitate of basic phosphate of 
SEAONESiA AND AMMONIA (2 MgO, NH^O, P0,+ 12 aq.) will separate 
even from very dilute solutions of magnesia; its separation may be 
greatly promoted and accelerated by stirring with a glass rod; even 
ahould the solution be so extremely dilute as to forbid the formation of 
a precipitate, yet the lines of direction in which the glass rod has moved 
along the side of the vessel will after the lapse of some time appear 
distinctly as white streaks. Water and solutions of salts of ammonia 
dissolve the precipitate but very slightly ; but it is readily soluble in 
acids, even in acetic acid. In water containing ammonia it may be 
considered insoluble. 

8. Oxalate of ammonia produces no precipitate in highly dilute solu- 
tioDS of magnesia; in less dilute solutions no precipitate is formed at 
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first, but after standing some time crystalline crusts of various oxalai 
of ammonia and magnesia make their appearance. In highly concentrat 
solutions oxalate of ammonia very speedily produces precipitates 
oxalate of magnesia (2MgO, C^O, + 4aq.), which contain small quan 
ties of the above-named double salts. Chloride of ammonium, especial 
in presence of free ammonia, interferes with the formation of these pi 
cipitates, but will not in general absolutely prevent it. 

9. Sulphuric acid and hT/drofltwsilicic acid do not precipitate salts 
magnesia. 

10. Salts of magnesia do not color flame. 

§99. 

Recapitulation and remarks, — The difficult solubility of the hydrate 
magnesia, the ready solubility of the sulphate, and the disposition of saJ 
of magnesia to form double salts with ammonia compounds, are the thr< 
principal points in which magnesia differs from the other alkaline earth 
To detect magnesia in solutions containing all the alkaline earths, if 
always first remove the baryta, strontia, and lime. This is effected mo 
conveniently by means of carbonate of ammonia, with addition of son 
ammonia and of chloride of ammonitim, and application of heat ; sin< 
by this process the baryta, strontia, and lime are obtained in a form. < 
combination suited for further examination. If the solutions are somi 
what dilute, and the precipitated fluid is quickly filtered, the carbonai 
of baryta, strontia, and lime is obtained on the filter, whilst the whole < 
the magnesia is found in the filtrate. But as chloride of ammoniui 
dissolves a little carbonate of baryta, and also a little carbonate of lim< 
though much less of the latter than of the former, trifling quantities < 
these bases are found in the filtrate ; nay, where only traces of them ai 
present, they may altogether remain in solution. In accurate exper 
ments, therefore, the separation is effected in the following way : Divid 
the filtrate into three portions, test one portion with dilute sulphuri 
acid for the trace of baryta which it may contain in solution, and anothc 
portion with oxalate of ammonium for the minute trace of lime whic 
may have remained in solution. If the two reagents produce no turbidit 
even after some time, test the third portion with phosphate of soda fo 
magnesia. But if one of the reagents causes turbidity, filter the flui 
from the gradually subsiding precipitate, and test the filtrate for mag 
nesia. Should both reagents produce precipitates, mix the two first poi 
tions together, filter after some time, and then test the filtrate to mak 
sure that the precipitate thrown down by oxalate of ammonia i 
actually oxalate of lime, and not, as it may be, oxalate of magnesia an< 
ammonia, dissoh'e it in some hydrochloric acid, and add dilute sulphurii 
acid, and then spirit of wine. 

To show the presence of the baryta, strontia, and lime in the precipi 
tate produced by carbonate of ammonia, dissolve the precipitate in som< 
dilute hydrochloric acid ; add solution of gypsam to a small portion o 
this solution, when the immediate formation of a precipitate, will prov 
the presence of baryta. Evaporate the remainder of the hydrochlorii 
acid solution to dryness, and treat the residue with absolute alcohol 
which will dissolve the chloride of strontiam and the chloride of calcium 
leaving the greater part of the chloride of barium undissolved. Mix th< 
alcoholic solution with an equal volume of water and a few drops o 
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lydroflaosilicic acid, and lot the mixture stand several hours, when the 
last traces of the baryta present will be found precipitated as silicoflu- 
oride of barium. Filter, and add sulphuric acid to the alcoholic filtrate. 
This will throw down the strontia and the lime. Filter the fluid from 
the precipitate, wash with weak spirit of wine, and convert the sulphates 
into carbonates by boiling with solution of carbonate of soda. Wash the 
carbonates, dissolve them in a small quantity of hydrochloric acid, evapo- 
rate the solution to dryness, dissolve the residue in a very little water, 
and divide the solution into two portions, after previous filtration if 
necessary. Mix the one portion with solution of gypsum. The formation 
of a precipitate after some time, often only after a considerable time, shows 
the presence of strontia. To remove the latter earth from the other portion, 
mix this with a solution of sulphate of potassa, boil, filter, and test the 
filtrate with oxalate of ammonia for lime. If much lime is present, a 
portion of it may fall down with the sulphate of strontia precipitate pro- 
duced by sulphate of potassa ; but there always remains sufficient of it 
in solution to permit its positive detection in the filtrate without diffi- 
culty. The best and most convenient way of efiecting the detection of 
the alkaline earths in their phosphates, is to decompose these latter by 
means of sesquichloride of iron, with addition of acetate of soda (§ 142). 
The oxalates of the alkaline earths are converted into carbonates by 
ignition, preparatory to the detection of the several earths which they 
may contain. The following method will serve to analyse mixtures of 
the sulphates of the alkaline earths. Extract the mixture under exami- 
mition with small portions of boiling water. The solution contains the 
vhole of the sulphate of magnesia, besides a trifling quantity of sulphate 
of lime. Digest the residue, according to H. Hose's direction, in the 
cold for 12 hours, with a solution of carbonate of ammonia, or boil it 10 
minutes with a solution of 1 part of carbonate and 3 parts of sulphate of 
potassa, filter, wash, then treat with dilute hydrochloric acid, which will 
dissolve the carbonates of strontia and lime formed, but always also a 
minute trace of baryta (Fresenius), leaving behind the undecomposed 
sulphate of baryta. The latter may then be decomposed by fusion with 
carbonates of the alkalies. The solutions obtained are to be examined 
further according to the above directions. 

The detection of baryta, strontia, and lime in the moist way is very 
instructive, but also rather laborious and tedious. By means of the 
spectral apparatus these alkaline earths are much more readily detected, 
even when present ail three together. According to the nature of the 
add, the sample is either introduced at once into the flame, or after pre- 
▼ious ignition and moistening with hydrochloric acid. To detect very 
minute quantities of baryta and strontia in presence of large quantities 
of lime, ignite a few grammes of the mixed carbonates a few minutes in 
a platinum crucible strongly over the blast,* extract the ignited mass by 
boiling with a little distilled water, evaporate with hydrochloric acid to 
dryness, and examine the residue by spectrum analysis (Engelbach). 
But even without a spectrum apparatus the three alkaline earths may be 
detected in mixtures containing all three of them by the different colora- 
tion which they severally impart to flame. To this end the sample under 
examination is repeatedly moistened with sulphuric acid, then cautiously 

• The carbonates of baryta and strontia are much more readily reduced to the 
emifltie state in this process than would be the case in the absence of carbonate of 
lime. 
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dried, and introduced into the fusion zone of the gas flame. After tlie 
evaporation of the alkalies that may chance to be present, the baryt& 
coloration (§ 95, J 0) will make its appearance alone. After this colora- 
tion has completely disappeared, and the sample moistened with hydro* 
chloric acid gives on spirting no longer a flame coloration of a bluisli- 
green tint when viewed through the green glass, the sample is moistened 
again with hydrochloric acid, and tested for lime by viewing it through 
the green glass when spirting (§ 97, 7), for strontia by viewing it 
under the same circumstances through the blue glass (§ 96, 7) (Mebz). 

§100. 

THIRD GROUP. 

More common oxides of the third group : — Alumina, Sesquioxide of 
Chromium. i 

Etarer oxides of the third group : — Berylla, Thoria, Zirconia, Yttria, 
Oxide of Terbium and Oside of Erbium, Oxides of Cerium, Oxide of 
Lanthanium, Oxide op Didymium, Titanic Acid, Tantalic Acid, Hy- 
FONioBic Acid. 

Properties of the group, — ^The oxides of the third group are insoluble 
in water, both in the pure state and as hydrates. Their sulphides 
cannot be produced in the moist way. Hydrosulphuric acid therefore 
fails to precipitate the solutions of their salts. Sulphide of ammonium 
throws down, from the solutions of the salts in which the oxides of the 
third group constitute the base,* in the same way as ammonia, the 
hydrated oxides. This reaction with sulphide of ammonium distin- 
guishes the oxides of the third from those of the two preceding groups. 



Special Reactions o/ the more common Oxides of the third grov/p, 

§101. 
a. Alumina (Al^O,). 

1. Aluminium metal is nearly white. It is not oxidized by the 
action of the air, in compact masses not even upon ignition. It may be 
flled, and is very ductile ; its specific gravity is only 2*56. It is fusible 
at a bright red heat. In the pulveruleni; form it slowly decomposes 
water at a boiling heat ; the compact metal does not show this reaction. 
Aluminium dissolves readily in hydrochloric acid, as well as in hot 
solution of potassa, with evolution of hydrogen. Nitric acid dissolves it 
only slowly, even with the aid of heat. 

2. Alumina is non-volatile and colorless ; the hydrate is also color- 
less. Alumina dissolves in dilute acids slowly and with very great 
difficulty, but more readily in concentrated hot hydrochloric acid. la 

* The oxides of the third group may nearly all of them combine to saline com- 
pounds with acids as well as with bases ; alumina, for instance, combines with 
potassa to aluminate of potassa, with sulphuric acid to sulphate oi alumina. The 
oxides of the third group stand, accordingly, partly on the verge between bases and 
acids. Those which incline more to the latter, as is the case . with the three last 
Soembers of the group, are therefore also called acids. 
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fusing bisnlphaie of potassa, it dissolves readily to a mass soluble in 
vater. The hydrate in the amorphous condition is readily soluble in 
acids; in the crystalline state it dissolves in them with very great 
difficulty. After previous ignition with alkalies, the alumina, or, more 
correctly speaking, the alkaline aluminate formed, is readily dissolved 
by acida • • 

3. The SALTS OF alumina are colorless and non-volatile; some of 
them are soluble, others insoluble. The soluble salts have a sweetish 
astringent taste, redden litmus-paper, and lose the^r acid upon ignition. 
The insoluble salts are dissolved by hydrochloric acid, with the excep* 
tion of certain native compounds of alumina ; the compounds of alumina 
which are insoluble in hydrochloric acid are decomposed and made 
Boluble by ignition with carbonate of soda and potassa, or bisulphide of 
potaasa. This decomposition and solution may, however, be effected • 
also by heating them, reduced to a fine powder, with hydrochloric acid 

of 25 per cent., or with a mixture of 3 parts by weight of hydrated 
sulphuric acid, and 1 part by weight of water, in sealed glass tubes, to 
392° — 410° Fahrenheit, continuing the operation for two hours (A» 
Mitschsblich). 

4. Potasaa and soda throw down from solutions of alumina salts a 
bulky precipitate of hydrate op alumina (Al^O,, 3H0), which contains ' . • 
alkali and generally also an admixture of basic salt ; this precipitate ^ • 
redissolves readily and completely in an excess of the precipitant, but 

from this solution it is reprecipitated by addition of chloride of ammo* 
nium, even in the cold, but more completely upon application of heat 
(compare § 53). The presence of salts of ammonia does not prevent the 
precipitation by potassa or soda. 

5. Airnnonia also produces in solutions of alumina a precipitate of 
HYDRATE OF ALUMINA, which Contains ammonia and an admixture of 
basic salt ; this precipitate also redissolves in a very considerable excess 
of the precipitant, but with difficulty only, which is the greater the larger 
the quantity of salts of ammonia contained in the solution. It is this 
deportnent which accounts for the complete precipitation of hydrate of 
alumina from solution in potassa by an excess of chloride of ammonium. 

6. Ga/rbon(Ue8 of the (dkalies precipitate basic carbonate of alu3£INA| 
which is insoluble or barely soluble in an excess of the precipitant. 

7. If the solution of a salt of alumina is digested with finely pulverized 
carbonate of baryta, the greater part of the acid of the alumina salt com- 
bines with the baryta, the liberated carbonic acid escapes, and the alumina 
precipitates completely as hydrate mixed with basic salt of alumina ; 
even digestion in the cold suffices to produce this reaction. 

8. If alumina or one of its compounds is ignited upon charcoal before 
the blowpipe, and afterwards moistened with a solution of nitrate of 
protoxide of cobalt, and then again strongly ignited, an unfused mass of 
a deep sky-blue color is produced, "which consista of a compound of the 
two oxides. The blue color becomes distinct only upon cooling. By 
candlelight it appears violet. This reaction is decisive only in the case 
of infusible or difficultly fusible compounds of alumina pretty free from 
other oxides, as solution of cobalt will often impart a blue tint to readily 
(osible salts, even though no alumina be present. 
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% a SESQUIOXIDB 07 CHROMIUM. • 

* § 102. 
5. Sesquioxide op Chromium (CfjO,). 

1. Sesquioxide of chromium is a green, its hydrate a bluish gray* 

* * green powder. The hydrate dissolves readily in acids ; the non-ignited 

sesquioxide dissolves more difScultly^ and the ignited sesquioxide is almost 
altogether insoluble. 

2. The SALTS OF sesquioxide of chromium have a green or violet color. 
Many of them are soluble in water. Most of them dissolve in hydro- 
chloric acid. The solutions usually exhibit a fine green or a dark violet 
color, which latter, however, changes to green upon heating. The salts 
of sesquioxide of chromium with volatile acids are decomposed upon 
ignition, the acids being expelled. The salts of sesquioxide of chromium 
which are soluble in water redden litmus. Anhydrous sesquichloride of 

• • chromium is crystalline, violet-colored, insoluble in water and in acids, 

and volatilizes with difficulty. 
'3. Fotassa cmd soda produce in the green as well as in the violet 
• solutions of salts of sesquioxide of chromium a bluish-green precipitate 
of HYDRATE OF SESQUIOXIDE OF CHROMIUM, which dissolves readily and 
completely in an excess of the precipitant, imparting to the fluid an 
emerald-green tint. Upon hng-contmued ebullition of this solution, the 
whole of the hydrated sesquioxide separates again, and the supernatant 
fluid appears perfectly colorless. The same reprecipitation takes place if 
chloride of ammonium is added to the alkaline solution. Application of 
heat promotes the separation of the precipitate. 

4. Ammcmia produces- in green solutions of salts of sesquioxide of 
chromitim a grayish-green, in violet solutions a grayish-blue precipitate of 
HYDRATE OF SESQUIOXIDE OF CHROMIUM. The former precipitate dissolves 
in acids to a green fluid, the latter to a violet fluid. Other circumstances 
(concentration, way of adding the ammonia, <fec.) exercise also some 
influence upon the composition and color of these hydrates. A small 
portion of the hydrates redi^solves in an excess of the precipitant in the 
cold, imparting to the fluid a peach-blossom red tint ; but if after the 
addition of ammonia in excess heat is applied to the mixture the pre- 
cipitation is complete. 

6, Ca/rhonatea of the alkalies precipitate basic cabbokate of sesqui- 
oxide OF CHROMIUM, which redissolves in a large excess of the precipitant. 

6. Ga/rbonate of baryta precipitates from solutions of sesquioxide of 
chromium the whole of the sesquioxide as a greenish hydrate mixed 
with BASIC SALT. The precipitation takes place in the cold, but is com- 
plete only after long-continued digestion. " 

7. If a solution of sesquioxide of chromium in solution of potassa or 
soda is mixed with some brown peroxide of lead in excess, and the mixture 
is boiled a short time, the sesquioxide of chromium is Widized to chromic 
acid. A yellow fluid is therefore obtained on Altering, which consists of 
a solution of chbomate of oxide of lead in sfdution of potassa or soda. 
Upon acidifying this fluid with acetic acid, the' chromate of lead separates 
as a yellow precipitate (Chancel). Very miifute traces of chromic acid 
may be detected in this fluid with still greaq^r certainty by acidifying 
with hydrochloric acid, and bringing it in contact with peroxide of 
hydrogen and ether. Compare chromic acid (§ 138). 

6. The fusion of sesquioxide of chromium or of any of its compounds 
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with nitrate of soda and ca^honcUe of soda gives rise to the formation of 
yellow CHROMATE . OP ^ SODA, part of the oxygen of the nitric acid sepa- 
rating from. the nitrate of soda and converting the sesquioxide of chro- 
mium into chromic acid, which then combines with the soda. Chromate 
of soda dissolves in water to an intensely yellow fluid. For the reactions 
of chromic acid see § 1:38. 

9. Phosphate of soda ami (Mnmonia dissolves sesquioxide of chromium 
and its salts, both in the oaddizmg and redudyig flame of the blowpipe, 
to dear beads of a faint tello wish-green tint, which upon cooling 
changes to emerald-green. The sesquioxide of chromium and its salts 
show a similar reaction with biborate of soda, BunserCs gasfloffm (§ 14) 
is used for the experiment, or the blowpipe flame. 

§103. 

Becapitida>tion amd remarks. — The solubility of hydrate of alumina in 
solutions of potassa and soda, and its reprecipitation from the alkaline 
solutions by chloride of ammonium, afford a safe means of detecting 
alumina in the absence of sesquioxide of chromium. But if the latter 
substance is present, which is seen either by the color of the solution, or 
by the reaction with phosphate of soda and ammonia, it must be removed 
before alumina can be tested for. The separation of sesquioxide of chro- 
mium from alumina is effected the most completely by fusing 1 part of 
the mixed oxides together with 2 parts of carbonate and 2 parts of 
nitrate of soda, which may be done in a platinum crucible. The yellow 
mass obtained is boiled with water ; by this process the whole of the 
chromium is dissolved as chromate of soda, and part of the alumina as 
aluminate of soda, the rest of the alumina remaining undissolved. If 
the solution is acidified with nitric acid, it acquires a reddish-yellow 
tint ; if ammonia is then added to feebly iJkaline reaction, the dissolved 
portion of the alumina separates. 

The precipitation of sesquioxide of chromium effected by boiling its 
solution in solution of potassa or soda is also sufficiently reliable if the 
ebullition is continued long enough ; still it is often liable to mislead in 
cases where only little sesquioxide of chromium is present, or where the 
solution contains organic matter, even though in small proportion only. 
I have to call attention here to the fact that the solubility of hydrated 
sesquioxide of chromium in an excess of cold solution of potassa or soda, 
is considerably impaired by the presence of other oxides (protoxides of 
manganese, nickel, cobalt, and more particularly sesquioxide of iron). 
If these oxides happen to be present in preponderating proportion^ 
these may even altogether prevent the solution of the hydrated sesqui- 
oxide of chromium in potassa or soda solution. This circumstance should 
never be lost sight of in the analysis of compounds containing sesquioxide 
of chromium. Lastly, it must be borne in mind also that alkalies pro- 
duce no precipitates in the solutions of alumina if non-volatile organic 
substances are present, such as sugar, tartaric acid, &c The precipitation 
of sesquioxide of chromium by alkalies is more especially impeded and 
counteracted by the presence of organic acids (oxalic acid, tartaric acid, 
acetic acid), owing to the formation of double salts which the alkalies 
fail to decompose. If organic substances are present therefore, ignite, 
fuse the residue with carbonate and nitrate of soda, and proceed as 
directed before. 
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» 94 ' BERTLLA* 

Special Reactions of the rarer Oxides of the third group* 

§104. 

1. Bbbtlla (Be, O,). 

Berylla is a rare earth found in the form of a silicate in phenacite, and, with ott 
silicates, in beryl, euclase, and eovue other rare minerals. It is a white tastelc 
powder insoluble in water. The ignited earth dissolves slowly but completely in acid 
it is readily soluble after fusion with bisulphate of potassa. The hydrate dissolv 
readily in acids. The compounds of berylla very much resemble the alumina coi 
pounds. The soluble berylla salts have a sweet astringent taste ; their reaction is alk 
Hne. The native silicates of berylla are completely decomposed by fluxing with 
parts of carbonate of soda and potassa. Potasta, soda, ammonia^ and sulphide 
ammonium throw down from solution of berylla salts a white flocculent hydrate, whit 
is insoluble in ammonia, but dissolves readily in solution of potassa or soda, fro 
which solution it is precipitated again by chloride of ammonium ; the coucentrat* 
alkaline solutions remain clear on boiling, but from more dilute alkaline solutions tl 
whole of the berylla separates upon continued ebullition (difference between beryl 
and alumina). Upon continued ebullition with chloride of ammonium, the fresh 
precipitated hydrate dissolves as chloride of beryllium, with expulsion of ammon 
(difference between berylla and alumina). Carbonaies of the alkalies precipitate whi 
carbonate of berylla, which redissolves in a great excess of the carbonates of the fixe 
alkalies, and in a much less considerable excess of carbonate of ammonia (most chara< 
teristic difference between berylla and alumina). Upon boiling these solutions has 
carbonate of berylla separates, readily and completely from the solution in carbonal 
of ammonia, but only upon dilution and imperfectly &om the solutions in carbonate 
of the fixed alkalies. Carbonate of baryta precipitates berylla incompletely upon col 
digestion, completely upon boiling. Oxalic a>cid and oxaiatea do not precipitate berylls 
Moistened with solution of nitrate of protoxide of cobalt, the berylla compounds gii 
gray masses upon ignition. 

2. THOElA(ThO). 

Thoria is a very rare earth found in thorite and monacite. It is white. The ignite 
earth is Soluble only upon heating with a mixture of 1 part of concentrated sulphuri 
acid and 1 part of water ; but it is not soluble in other acids, not even after fusio 
with alkalies. The moist hydrate dissolves readily in acids, the dried hydrate onl 
with difficulty. Thorite (silicate of thoria) is decomposed by concentrated hydrochloii 
acid. Potassa, ammonia, and sulphide of ammonium precipitate from solutions c 
thoria salts white hydrate, which is insoluble in an excess of the precipitant, even < 
potassa (difference between thoria and berylla). Carbonate of potassa and carbona^ 
of ammonia precipitate basic carbonate of thoria, which readily dissolves in an exces 
of the precipitfmt in concentrated solutions, with difficulty in dilute solutions (dil 
ference between thoria and alumina). From the solution in carbonate of ammoni 
basic salt separates again even at 122*" Fahrenheit. Oxalic acid produces a whit 
precipitate (difference between thoria and berylla and alumina) ; the precipitate doe 
not dissolve in oxalic acid, and barely in other acids. A concentrated solution < 
sulphate of potassa precipitates thoria solutions, slowly but completely (differenc 
between thoria and alumina and berylla). The precipitate, which is sulphate of thori 
and potassa, is insoluble in a concentrated solution of sulphate of potassa ; it dissolve 
slowly in cold water, readily in hot water. The solution deposits basic salt upon cox 
tinued boiling. 

8. ZiBCONiA (Zr, O,). 

Found in zircon and some other rare minerals. A white powder insoluble in hydro 
chloric acid, soluble upon addition of water, after continued heating with a mixture o 
2 parts of hydrated sulphuric acid and 1 part of water. The hydrate resemble 
hydrate of alumina. It dissolves readily in hydrochloric acid when precipitated cold 
and still moist, but witl^ difficulty only when precipitated hot, or after drying. Th 
zirconia salts soluble in water redden litmus. The native silicates of zirconia may l> 
decomposed by fusion with carbonate of soda. The finely elutriated silicate is fusei 
at a high temperature, together with 4 parts of carbonate of soda. The fused mas 
gives to water silicate of soda, a sandy zircon ate of soda being left behind, which ii 
washed, and dissolves in hydrochloric acid. Potassa, soda, ammonia, and sulphide q 
ammonium precipitate from solutions of zirconia salts a flocculent hydrate, which i 
insoluble in an excess of the precipitant, even of soda and potassa (difference betweei 
zirconia and alumina and berylla), and is not dissolved even by boiling solution o 
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ehloride of ammoniam (difference between ziroonia and berylla). CcirhoncUes of potassa, 
9oda, and ammonia, throw down carbonate of zirconia as a flocculent precipitate, which 
redissoWee in a large excess of carbonate of potassa, more readily in bicarbonate of 
potassa, and most readily in carbonate of ammonia (difference between zirconia and 
alumina), from whidi solution it precipitates again on boiling. Oxalic a^nd produces 
a balky predpitate of oxalate of zirconia (difference between zirconia and alumina and 
berylla), which is insoluble in oxalic acid, difficultly soluble in hydrochloric acid. A 
concentrated solution of aidphate of potassa speedily produces a white precipitate of 
solphate of zirconia and potassa (difference between zirconia and alumina and berylla), 
which — ^if precipitated cold — dissolves readily in a large proportion of hydrochloric 
add, but is almost absolutely insoluble in water and in hydrochloric acid if precipi- 
tated hot (difference between zirconia and thoria). CarboTuUe of baryta fails to effect 
complete predpitation in solutions of zirconia salts, even upon boiling. Turmeric 
paper dipped into solutions of zirconia salts slightly acidified with hydrochloric or 
sulphuric acid, acquires a reddish-brown color after diying (difference between zirconia 
aoid thoiia)* 

4. Yttbia (YO). 

Yttria is a rare earth found in gadolinite, orthite, yttro-tantalite. The ignited 
earth dissolves readily in hydrochloric acid (difference between yttria and zirconia and 
alumina). In the pure state it is white ; presence of oxides of erbium and terbium 
imparts a brownish* yellow tint to it. The hydrate is white ; it attracts carbonic acid ; if 
fr^ly precipitated, it dissolves in boiling solution of chloride of ammonium (difference 
between yttna and alumina and zirconia). The salts are white, with a slight shade of 
amethyst red. Anhydrous chloride of yttrium is not volatile (difference between yttria 
and alumina, berylla, thoria, and zirconia). Potassa precipitates white hydrate, which 
is insoluble in an excess of the precipitant (difference between yttria and alumina and 
berylla). Ammonia and stUphute of ammonium produce the same reaction. Presence 
of a small quantity of chloride of ammonium will not prevent the precipitation by sul- 
fide of ammonium ; but in presence of a large excess of chloride of ammonium sul- 
phide of ammonium fails to precipitate solutions of salts of yttria. CarhoruUes of ike 
tdkalies produce a white predpitate, which dissolves with difficulty in carbonate of 
potassa, but more readily in bicarbonate of potassa and in carbonate of ammonia, 
though by no means so readily as the corresponding berylla precipitate. The solution 
of the pure hydrate in carbonate of ammonia deposits on boiling the whole of the yttria ; 
if chloride of ammonium is present at the same time, this is decomposed upon continued 
heating, with separation of ammonia, and the precipitated yttria redissolves as chloride 
of yttrium. Saturated solutions of carbonate of yttria in carbonate of ammonia have 
a tendency to deposit carbonate of yttria and ammonia, which should be borne in mind. 
Oxalic acid produces a white precipitate (difference between yttria and alumina and 
berylla). The precipitate does not dissolve in oxalic acid, but it dissolves in hydrochloric 
add. Sulphate of potassa predpitates sulphate of yttria and potassa. The precipi- 
tate, even if thrown down hot, dissolves, though slowly, in a large proportion of water 
(difference between yttria and zirconia) ; it dissolves a little more readily in solution of 
sulphate of potassa (difference between yttria and thoria), and still more readily in solu- 
tion of ammonia salt. Carbonate of baryta produces no precipitate ; not even on boiling. 
Tarmeric paper is not altered by acidified solutions of salt of yttria (difference between 
yttria and zirconia). Tartaric add does not interfere with the precipitation of yttria 
by alkalies (characteristic difference between yttria and alumina, berylla, thoria, and 
zirconia). The precipitate is tartrate of yttria. The precipitation ensues only after 
some time, but it is complete. 

5. Oxide of Tbbbiuh (TrO), and 6. Oxide of Erbium (EO). 

niiese oxides are generally found assodated with yttria. Upon gradual addition of 
ammonia to a solution containing these three bases, the oxide of erbium precipitates 
first, the oxide of terbium next, and the yttria last. Ignited oxide of erbium varies 
Irom yellow to orange- yellow. Oxide of terbium, which is n(ft yet known in the pure 
state, appears to be white. We know as yet of no other ructions by which to separate 
these bases from yttria, or to distinguish between them and that earth. 

7. OxiDBS OF Cebium. 

Cerimn is a rare metal ; it is found in the form of protoxide in cerite, orthite^ &;a 
It forms two oxides, the protoxide (GO) and the sesquioxide (0,0,). The hydrate of 
the protoxide is white, but turns yellow upon exposure to the air, by absorption of 
oxygen. By ignition in the air it is converted into orange-red or red sesquioxide 
XdifEerenoe between it and the preceding earths). Hydrate of protoxide of cerium dis* 
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solves readily in acids. Ignited sesqaioxide of cerium containing oxide of lanthaniam 
didymium dissolves readily in hydrochloric acid, with evolution of chlorine ; in the | 
state it dissolves very slightly in boiling hydrochloric acid, except upon addition of b 
alcohol (difference between oxide of cerium and thoria and zirconia) ; the solution < 
tains protochloride. The salts of protoxide of cerium are colorless, occasionally wi 
slight shade of amethyst red ; the soluble protoxide salts redden litmus. Protochlo 
of cerium is not volatile (difference from alumina, berylla, thoria, and zirconia). Ce 
(hydrated silicate of protoxide of cerium [CO, LaO, DiO] 2, SiO, + 2aq.) does 
dissolve in aqua regia ; but is decomposed by fusion with carbonate of soda, and i 
by concentrated sulphuric acid. Potatsa precipitates white hydrate, which turns ye] 
in the air, and does not dissolve in an excess of the precipitant (difference from alunc 
and berylla). Ammonia precipitates basic salt, which is insoluble in an excess of 
precipitant. Ca/rbonatea of the aXkalies produce a white precipitate, which dissol 
sparingly in an excess of carbonate of potassa, somewhat more readily in carbonate 
ammonia. Oxalic acid produces a white precipitate; the precipitation is comp 
even in moderately acid solutions (difference from alumina and berylla). The precipil 
is not dissolved by oxalic acid ; but it dissolves in a large proportion of hydrochl 
acid. A saturated solution of stdphate of potassa precipitates, even from somew 
acid solutions, white sulphate of potassa and protoxide of cerium (difference ft 
alumina and berylla), which is very difficultly soluble in water and altogether insolv 
in a saturated solution of sulphate of potassa (difference from yttria). The precipif 
may be dissolved by boiling with a large quantity of water, to which some hydrochh 
acid has been added. Carbonate of baryta precipitate solutions of cerium a 
slowly, but completely upon long-continued action. Tartaric acid prevents j 
cipitation by ammonia (difierence from yttria), but not by potassa. Borax and pi 
phate of soda and ammonia dissolve cerium compound in the outer flame to red be 
(difference from the preceding earths) ; the coloration gets fainter on cooling, and of 
disappears altogether. In the inner flame colorless beads are obtained. 

8. Oxide of LANTHunuM. 

This oxide is generally found associated with protoxide of cerium. It is white s 
remains unaltered by ignition in the air (difference from protoxide of cerium), 
contact with cold water it is slowly converted into a milk-white hydrate ; with ] 
water the conversion is rapid. The oxide and its hydrate change the color of roddei 
litmus- paper to blue ; they dissolve in boiling solution of chloride of ammonium, a 
in dilute acids. Oxide of lanthanium in this resembles magnesia. The salts of ox; 
of lanthanium are colorless ; the saturated solution of sulphate of oxide of lanthanii 
in cold water deposits a portion of the salt already at 86 Fahrenheit (difference fri 
protoxide of cerium). Sulphate of potassa, oxalic acid, and carbonate of baryta g. 
the same reactions as with protoxide of cerium. Potassa precipitates hydrate, whi 
is insoluble in an excess of the precipitant, and does not turn brown in the a 
Ammonia precipitates basic salts, which pass milky through the filter on washii 
The precipitate produced by carbonate of ammonia is insoluble in an excess of 1 
precipitant (difference from protoxide of cerium). If a cold saturated solution of acetj 
of oxide of lanthanium is supersaturated with ammonia, the slimy precipitate repeatec 
washed with cold water, and a little iodine in powder added, a blue coloration mat 
its appearance, which gradually pervades the entire mixture (characteristic differei 
between oxide of lantlumium and the other earths). 

9. Oxide of Didymium. 

This oxide, like the oxide of lanthanium and in conjunction with it, is found associaf 
with the protoxide of cerium. After intense ignition it appears white, moistened wi 
nitric acid and feebly ignited dark brown, after intense ignition again white, 
contact with water it is slowly converted into hydrate ; it rapidly attracts carboi 
acid ; its reaction is not alkaline ; it dissolves readily in acids. The concentrat 
solutions have a reddish or a faint violet color. The saturated solution of* the sulplu 
deposits salt, not at 86** Fahrenheit, but upon boiling. Potassa precipitates hydral 
which is insoluble in anP excess of the precipitant, and does not alter in the air. A\ 
mania precipitates basic salt, which is insoluble in ammonia, but slightly soluble 
chloride of ammonium. Carbonates of the alkalies produce a copious precipitate, whi 
is insoluble in an excess of the precipitant, even in an excess 6f carbonate of ammoc 
(difference from protoxide of cerium), but dissolves slightly in concentrated solution 
chloride of ammonium. Oxalic acid precipitates solutions of salt of oxide of did^miu 
almost completely ; the precipitate is difficultly soluble in cold hydrochloric acid, but d 
solves in that menstruum upon application of heat. Carbonate of baryta preoipitat 



TTTAKIO ACID. 97 

oxide of didymiom from its solutions slowly (more slowly than protoxide of cerium and 
oxide of lanthanium), and never completely. A concentrated solution of stUphate ofpo- 
iaaa precipitates didymium solutions more slowly and less completely than protoxide of 
cerium solutions. The precipitate is insoluble in cold, difficultly soluble in hot bydro- 
ohlorio acid. Photiphtxte of 9oda and ammonia dissolves didymium compounds in the 
reducing flame to amethyst-red beads, shading off to violet. With 9oda a grayish 
white mass is obtained in the outer flame (difference from manganese). 



Perfectly satisfactory methods for effecting the separation of cerium, lanthanium, 
and didymium are not known. The oxide of cerium mav be obtained in a state of 
•l^piroximate purity by treating the mixed oxides, after ignition, first with dilute, tiien 
with ooncentoited nitric acid, which will leave, undissolved, the greater part of 
the oxide of cerium. If the solution is evaporated and the residue ignited and then 
agun treated with nitric acid, the remainder of the oxide of cerium, which had 
b«en dissolved, together with the other oxides, is now also left undissolved. The 
oxides of lanthanium and didymium are precipitated from the solution by an alkali ; 
the precipitate is dissolved in sulphuric acid, water saturated with the dry saline mixture 
at 41** to 42*8*" Fahrenheit, and the solution heated to 86^ Fahrenheit. Sulphate of 
oxide of lanthanium separates, sulphate of oxide of didymium remains in solution. 

10. TiTANIO AoiD. 

l^tanium forms two oxides, sesquioxide of titanium O^^a) ^nd titanic acid (TiO,). 
The latter is somewhat more frequently met with in analysis. It is found in the free state 
in rutile and anatase, in combination with bases in titanite, titaniferous iron, &c. It is 
found in small proportions in many iron ores, and consequently often in blast-furnace 
■lags. Hie small copper-colored cubes which are occasionally found in such slags con- 
■ist of a combination of cyanide of titatinum with nitride of titanium. Feebly ignited 
titanic acid is white ; it transiently acquires a lemon tint when heated ; very intense 
ignition gives a yellowish or brownish tint to it. It is infusible^ insoluble in water^ 
and its specific gravi^ is 3*9 to 4*25. 

a. D^9oriment with acids and reactions of acid solutions of titanic acid. — Ignited 
titanic acid is insoluble in acids, except in hydrofluoric acid and in concentrated sul- 
phuric add. With bisulphate of potassa it gives upon sufficiently long-continued 
ruion a clear mass, which dissolves in a large proportion of cold water to a clear fluid* 
Hydrate of titanic acid dissolves, both moist and when dried without the aid of heat^ 
in dilute acids, especially in hydrochloric and sulphuric acids. All the solutions of 
titanic acid in hydrochloric or sulphuric acid, but more particularly the latter, when 
subjected in a highly dilute state to long-continued boiling, deposit titanic acid as a 
white powder, insoluble in dilute acids. Presence of much free acid retards the sepa- 
ration and diminishes the quantity of the precipitate. The precipitate which separates 
from the hydrochloric acid solution may, indeed, be filtered, but it will pass milky 
through the filter upon washing, except an acid or chloride of ammonia be added to the 
washing water. SolvHon of potassa throws down from solutions of titanic acid in 
hydrochloric or sulphuric acid hydrate of titanic acid as a bulky white precipitate, 
which is insoluble in an excess of the precipitant ; ammonia, sulphide of ammonium, 
carbonate of the alkalies, and carbonate of baryta act in the same way. The precipi« 
tate, thrown down cold and washed with cold water, is soluble in hydrochloric acid 
and in dilute sulphuric acid ; presence of tartaric acid prevents its formation. FerrO' 
cyanide of poUissium produces in acid solutions of titanic acid a dark-brown precipi- 
tate ; infusion of gaUs a brownish precipitate, which speedily turns orange-red. Mc' 
taUic zinc produces, in consequence of tne ensuing reduction of titanic acid to sesqui- 
oxide of titanium, at first a blue coloration of the solution, afterwards a blue precipi- 
tate of hydrate of sesquioxide of titanium. 

d. Beaetions with alkalies. — ^Recently precipitated hydrate of titanic acid is almost 
absolutely insoluble in solution of potaiwa. If titanic acid is fused together with 
hydrate of potassa, and the fused mass treated with water, the solution contains a little 
mote titanic acid. By fusion with ccurbonates of the alkalies neutral titanates of the 
alkaliee are formed, with expulsion of carbonic acid. Water extracts from the fused 
mass free alkali and alkaline carbonate, leaving behind acid titanate of alkali which 
dissolves in hydrochloric acid. Titanic acid mixed with charcoal gives upon ignition in 
a stream of chlorine bichloride of titanium as a volatile liquid, which emits copious 
fumes in the air. Phosphate of soda and ammonia readily dissolves titanic acid in the 
outer flame to a clear bead of a yellowish color whilst hot, but colorless when cold. 
Upon long-continued exposure to a strong reducing flame this bead acquires a yeUow 
tint, which turns to red when the bead is half cold, and to violet when quite cokU 
I. H 
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Addition of a little tin promoteB the reduction. If a email quantity of snlpHate off 
oxide of iron is added, the bead obtained in the reducing flame looks blood red. 

11. Tantalio Aoid. 

l^uitalum forms two oxides, TaO, and Ta 0,. The latter, which is called tani 

add, is found in tantalite, yttro-tantalite, and some other rare minerals. Tantalio t 

is white, and remains so upon ignition (difference between tantalio acid and titi 

.acid). Ignited tantalio acid has a specific gravity of from 7 to 8. Tantalic acid C4 

bines with acids and with bases. 

' a. IteaeHona wUh acids, — ^The ignited acid is insoluble in hydrochloric acid and 
concentrated sulphuric acid. It fuses with sulphate of potassa to a mass which 
extraction with water leaves behind tantalic acid in combination with sulphuric a 
(difference between tantalic acid and titanic acid ; but which affords only an imperf 
means of separating the two acids from each other). Ignition in an atmosphere 
ammonia converts fiiis compound of sulphuric acid with tantalic acid into pure tanti 
acid. If a solution of tantalate of an alkali is mixed with hydrochloric acid in exec 
the precipitate which forms at first redissolves to an opalescent fluid. A mmonia and s 
jihide of ammonium throw down from it hydrated or acid tantalate of ammonia ; p 
sence of tartaric acids prevents precipitation. Sulphwic acid throws down from 1 
opalescent solution sulphate of tantalic acid. If tantalates of the alkalies be strong 
acidified with hydrochloric acid, and then brought into contact with zinc, even additi 
of sulphuric acid will fiiil to produce a blue coloration of the fluid, or at all events i 
coloration will only be slight ; but if solid chloride of tantalum be dissolved in conc< 
trated sulphuric acid, and water and zinc added to the solution, the fluid will tu 
blue, not changing to brown by standing, b. Reactions witk cdkciies, — By continu 
fusion with hydrate of potoasa tantalate of potassa is formed ; the fused mass dissoh 
in water. By fusion with hydrate of soda a turbid mass is obtained ; a little wal 
poured on this mass will dissolve out the excess of soda, leaving the whole of ti 
tantalate of soda undissolved, as this latter salt is insoluble in solution of soda ; but tl 
tantalate of soda will dissolve in water after the removal of the excess of sod 
Solution of soda throws down from this solution the tantalate of soda ; if the pre< 
pitant be added slowly, the form of the precipitate is ciystalline. Carbonic acid thro^ 
down from solutions of tantalates of the alkalies acid salts, which are not dissolved \ 
boiling with solution of carbonate of soda. StUphtmc acid throws down even fro 
dilate solutions of tantalates of the alkalies sulphate of tantalic acid ; ferrocyanide i 
potassium and infusion of galls produce precipitates only in acidified solutions ; the pr 
cipitate produced by the former is yellow, by the latter light brown. By ignition wil 
chxvrcoal in pure dry chUrvne gas white yellow chloride of tantalum is formed, whi< 
sublimes in crystals ; if the tantalic acid contains titanic acid, this reaction is a 
tended moreover by the formation of bichloride of titanium, which emits copious fumi 
in the air. Phosphate of soda and ammonia dissolves tantalic acid to a colorless bea 
which remains colorless even in the inner flame, and does not acquire a blood-red tii 
by addition of sulphate of protoxide of iron (difference between tantaUc acid an 
titanic acid). 

12. Htponiobio Acid. 

Niobium forms two oxides, viz., hyponiobic acid (Nb, 0,) and niobic acid (Nb 0^ 
Hyponiobic acid is a rare substance ; it is found in columbite, samarskite, &c. It : 
white, but turns transiently yellow when ignited (difference between hyponiobic aci 
and tantalic acid). Specific gravity varies from 4*6 to 6*5 at the most (difference froi 
tantalic acid). Hyponiobic acid combines with acids and with bases, a. Add solution 
of hyponiobic acid. — Concentrated sulphuric acid dissolves hyponiobic acid upo 
heating ; by addition of a large proportion of cold water a clear solution is obtained 
frt)m which the hyponiobic acid separates in combination with sulphuric acid, slow]; 
and gradually in the cold, rapidly upon boiling. By washine the precipitate with car 
bonate of ammonia, then with highly dilute hydrochloric acid, the hydrate is obtained 
— ^by ignition in an atmosphere of carbonate of ammonia we obtain the acid. Ammonu 
and sulphide of ammonium precipitate acid hyponiobate of ammonia. Hyponiobic aci< 
is readily dissolved by fusion with bisulphate of potassa ; on treating the fused masi 
with hot water sulphate of hyponiobic acid ..is left behind undissolved, b, Alkalint 
solvitioTis, — Hyponiobic acid fuses with hycmUe of potassa to a clear mass, which li 
soluble in water ; with hydrate of soda it fuses to a turbid mass ; water dissolves th< 
excess of soda out of this mass ,* after the removal of the solution of soda, the hypo 
niobate of soda dissolves in water. Fusion with carbonate of soda gives riise to similai 
reactions as fusion with hydrate of soda. Solution of soda slowly added to the 
aqueous solution separates from it crystallized hyponiobate of soda. The solutions d 
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the byponiobates of the alkalies are not rendered turbid by boiling ; $fulphiMie add 
precipitates from them the whole of the hyponiobic acid upon boiling ; the precipita- 
tion by chloride of ammonium is less complete ; hydrochloric acid produces a precipi- 
tate which does not re-dissolye in an excess of the precipitant (difference between 
hyponiobic acid and titanic and tantalic acids). If sme is added after the hydrochloric 
acid, the precipitated hyponiobic acid acquires a blue tint, which gradually changes 
to brown (difference from tantalic acid). Oaa-bonic acid throws down acid hyponiobate 
of alkali, which is soluble in boiling dilute solution of carbonate of soda (means of, 
separating hyponiobic acid from tantalic acid). Ferrocyanide of potaaaium produces 
no precipitate, except in acidified solutions, which it precipitates dark brown. Infiision 
ofgaUs produces no precipitate, except in acidified solutions, which it precipitates deep 
orange-red 

By ignition of hyponiobic acid, mixed with charcoal, in a stream of chlorine gas^ 
white solid sesquichloride of niobium, and yellow solid somewhat more yolatile bichlo- 
ride of niobium are obtained. Phosphate of soda and ammonia dissolves hyponiobic 
acid copiously ; the bead produced in the inner flame shows a violet, blue, or brown 
color, according to the mode of preparation of the hyponiobic acid, and the quantity 
used of it ; addition of sulphate or protoxide of iron imparts a blood- red tint to the 
bead. 

For the best methods and processes of detecting many, possibly even all the oxides 
of the third group in presence of each other, the r^er is referred to Fart II., 
Section III. 

§105. 
FOURTH GROUP. 

More common oxides of the fourth group: — Oxide op Zino, Protoxide 
OF Manganese^ Protoxide of Nickel, Protoxide of Cobalt, Prot- 
oxide OF Iron, Sesquioxidb of Iron. 

Earer oxides of the fourth group : — Sesquioxide of Uranium, Oxides 
of Vanadium, Oxides of Thallium. 

Froperties of the group, — The solutions of the oxides of the fourth 
group, if containing a stronger free acid, are not precipitated by hydro- 
sulphuric acid ; nor are neutral solutions, at least not completely. But 
alkaline solutions are completely precipitated by hydrosulphuric acid ; 
and so are other solutions if a sulphide of an alkali metal is used as the 
precipitant, instead of hydrosulphuric acid. The precipitated metallic 
sulphides corresponding to the several oxides are insoluble in water ; 
some of them are readily soluble in dilute acids; others (sulphide of nickel 
and sulphide of cobalt) dissolve only with very great difficulty in these 
menstrua. Some of them are insoluble in sulphides of the alkali metals, 
others (nickel) are sparingly soluble in them, under certain circum^ 
stances, whilst others again (vanadium) are completely soluble. The 
oxides of the fourth group differ accordingly from those of the first and 
second groups in this, that their solutions are precipitated by sulphide of 
ammonium, and from those of the third group inasmuch that the precipi- 
tates produced by sulphide of ammonium are sulphides, and not hydrated 
oxides, as is the case with alumina, sesquioxide of chromium, ike. 

Special Beactions of the inore common Oxides of the fourth group, 

§106. 

a. Oxide of Zing (ZnO). 

1. Metallic zino is bluish-white and very bright; when exposed to 
the air, a thin coating of basic carbonate of zinc forms on its surfJBkce. 

h2 
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It is of medinm hardness, ductile at a temperature of between 212° and 
302° Fah., but otherwise more or less brittle ; it fuses readily on char- 
coal before the blowpipe, boils afterwards, and burns with a bluish-greett 
flame, giving off white fumes, and coating the charcoal support with 
oxide. Zinc dissolves in hydrochloric and sulphuric acids, with evolu- 
tion of hydrogen gas ; in dilute nitric acid, with evolution of nitrous 
oxide ; in more concentrated nitric acid, with evolution of nitric oxide. 

2. The oxroE*OP zino and its hydrate are white powders, which are 
insoluble in water, but dissolve readily in hydrochloric, nitric, and 
sulphuric acids. The oxide of zinc acquires a lemon-yellow tint when 
heated, but it reassumes its original white color upon cooling. When 
ignited before the blowpipe, it shines with considerable brilliancy. 

3. The salts of oxide of zinc are colorless ; part of them are soluble 
in water, the rest in acids. The neutral salts of zinc which are soluble 
in water redden litmus-paper, and are readily decomposed by heat, 
with the exception of sulphate of zinc, which can bear a dull red heat 
without undergoing decomposition. Chloride of zinc is volatile at a red 
heat. 

4. Hydrosutphwric add precipitates from neutral solutions of salts of 
zinc a portion of the metal as white hydrated sulphide of ziKC (Zn S). 
In acid solutions this reagent fails altogether to produce a precipitate if 
the free acid present is one of the stronger acids ; but from a solution 
of oxide of zinc in acetic acid it throws down the whole of the zinc, even 
if the acid is present in excess. 

5. Sulphide of a/mmonium throws down from neutral, and hydrostd- 
ph/u/ric acid from alkaline solutions of salts of zinc, the whole of the 
metal as hydrated sulphide op zinc, in the form of a white precipitate. 
Chloride of ammonium greatly promotes the separation of the precipitate. 
Prom very dilute solutions the precipitate separates only after long 
standing. This precipitate is not redissolved by an excess of sulphide 
of ammonium, nor by potassa or ammonia ; but it dissolves readily in 
hydrochloric acid, nitric acid, and dilute sulphuric acid. It is insoluble 
in acetic acid. 

^. Fotasm and soda throw down from solutions of salts of zinc 
HYDRATED OXIDE OP ZINC (Zn O, H 0), in the form of a white gela- 
tinous precipitate, which is readily and completely redissolved by an 
excess of the precipitant. Upon boiling these alkaline solutions they 
remain, if concentrated, unaltered ; but from dilute solutions nearly the 
whole of the oxide of zinc separates as a white precipitate. Chloride of 
ammonium does not precipitate alkaline solutions of oxide of zinc. 

7. Ammonia also produces in solutions of oxide of zinc, if they do 
not contain a large excess of free acid, a precipitate of hydrated oxidb 
OP zinc, which readily dissolves in an excess of the precipitant. The 
concentrated solution turns turbid when mixed with water. On boiling 
the concentrated solution part of the oxide of zinc separates imme- 
diately ; on boiling the dilute solution all the oxide of zinc precipitates. 

8. Ca/rhonate of soda produces in solution^ of salts of zinc a precipi- 
tate of basic CARBONATE OP ZINC (3 [ZnO, HO] + 2 [ZnO, COJ + 
4 aq.), which is insoluble in an excess of the precipitant. Presence of 
salts of ammonia in great excess prevents the formation of this pre- 
cipitate. 

9. Carbonate of ammonia also produces in solutions of salts of zinc 
the same precipitate of basic carbonate op zinc as ^rbonate of soda ; 



> 4 
* 



. . • ^« J » . 

• • . * • • 

• • * • 



PROTOXIDE OP MANGANESE, 101 

bat this precipitate redissolves upon farther addition of the precipi- 
tant. On boiling the dilute solution oxide of zinc precipitates. 

10. CarbancUe of ha/ryta fails to precipitate solutions of salts of zinc 
in the cold, with the exception of the sulphate. 

11. If a mixture of oxide of zinc or one of its salts with ccvrhoncnte 
of soda is exposed to the redtmng Jlame of the blowpipe, the charcoal 
support becomes covered with a slight coating of oxide of zing, which 
presents a yellow color whilst hot, and turns white upon cooliug. This 
coating is produced hy the reduced metallic zinc volatilizing at the 
moment of its reduction^ and being reoxidized in passing through the 
outer flame. 

12. If oxide of zinc or one of the salts of zinc is moistened with 
solution of nUrcUe of protoxide of cobalt, and then heated before the 
blowpipe, an unfused mass is obtained of a beautiful green color : this 
mass is a compound of oxide of zinc with protoxide of cobalt. If there- 
fore in the experiment described in 11 the charcoal is moistened around 
the little cavity with solution of niti*ate of protoxide of cobalt, the 
coating appears green when cold. 

§ 107. 
b. Fbotoxu>e of Manganese (MnO). 

1. Metallio manganese is whitish-gray, brittle, extremely hard, 
and fuses with very great difficulty. It takes a high polish, which it 
rather speedily loses again upon exposure to the air. At first it blues, 
like steel when heated, but afber a time it becomes covered with a layer 
of brown oxide. It oxidizes only slowly in water at the common tem- 
perature, but more rapidly in boiling water. It dissolves readily in 
acids, the solutions contain protoxide. 

2. Protoxide of manganese is grayish-green; the hydrated prot- 
oxide is white. Both the protoxide and its hydrate absorb oxygen 
from ^e air, and are converted into the brown proto-sesquioxide. They 
are reitdily soluble in hydrochloric, nitric, and sulphuric acids. All the 
higher oxides of manganese without exception dissolve to protochloride, 
with evolution of chlorine, when heated with hydrochloric acid; to 
sulphate of protoxide, with evolution of oxygen^ when heated with 
concentrated sulphuric acids. 

3. The SALTS OF protoxide of manganese are colorless or pale red ; 
part of them are soluble in water, the rest in acids. The salts soluble 
in water are readily decomposed by a red heat, with the exception of 
the sulphate. The solutions do not alter vegetable colors. 

4. Hydrosvlphuric acid does not precipitate acid solutions of salts of 
protoxide of manganese ; neutral solutions also it fails to precipitate, or 
precipitates them only very imperfectly. 

5. Sulphide of cMnmo^ium throws down from neutral, and hydrosvl- 
phuric acid from alkaline solutions of salts of protoxide of manganese, 
the whole of the metal as hydrated sulphide of manganese (MnS), in 
form of a light flesh-colored* precipitate, which acquires a dark-brown 
color in the air ; this precipitate is insoluble in sulphide of ammonium 
and in alkalies, but readily soluble in hydrochloric, nitric, and acetic 
acids. The separation of the precipitate is materially promoted by 

* If tbe 4t»Dti(y of the precipitate in only trifling, the oolor appears yellowiah-white. 
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addition of cLloride of ammonium. From very dilute solutionR tbe 
precipitate separates Only after standing some time in a warm place. 
Solutions containing much free ammonia must first be neutralized with. 
hydrochloric acid. 

6. Potasaay soda, and ammonia produce whitish precipitates of hy- 
drate OP PROTOXIDE OP MANGANESE (MnO, HO), which upou exposure 
to the air speedily acquire a brownish and finally a deep blackish-bro'wn- 
color, owing to the conversion of the hydrated protoxide into hydrated 
proto-sesquioxide by the absorption of oxygen from the air. Ammonia 
and carbonate of ammonia do not redissolve this precipitate; but 
presence of chloride of ammonium prevents the precipitation by am- 
monia altogether, and that by potassa partly. Of already formed pre- 
cipitates solution of chloride of ammonium redissolves only those parts 
which have not yet undergone peroxidation. The solution of the 
hydrated protoxide of manganese in chloride of ammonium is owing to 
the disposition of the salts of protoxide of manganese to form double 
salts with salts of ammonia. The ammoniacal solutions of the double 
salts turn brown in the air, and deposit dark-brown hydrate of proto- 
sesquioxide of manganese. 

7. Tf a few drops of a fluid containing protoxide of manganese, and 
free from chlorine, are sprinkled on binoxide of lead or red-lead, and 
nitric acid free from chlorine is added, the mixture boiled and allowed 
to settle, the nitrate of sesquioxide of manganese formed imparts 
a purple-red color to the fluid. 

8. Ga/rbonate of ha/ryta does not precipitate protoxide of manganese 
from aqueous solutions of its salts upon digestion in the cold, with the 
exception of sulphate of protoxide of manganese. 

9. If any compound of manganese, in a state of minute division, is 
fused with carbonate of soda on a platinum wire, or on a small strip of 
platinum foil (heated by directing the flame upon the lower surface), 
in the outer flame of the blowpipe, manganate qf ^oda (NaO, MnO J 
is formed, which makes the fused mass appear green while hot, and of a 
bluish-green tint afber cooling, the bead at the same time becoming 
turbid. This reaction enables us to detect the smallest traces of^ 
manganese. 

10. Borax and phosphate of soda and ammonia dissolve manganese 
compounds in the oiU&r gas or blowpipe flame to clear violet-red beads, 
which upon cooling acquire an amethyst-red tint : they lose their 
color in the inner flame, owing to a reduction of the sesquioxide to 
protoxide. The bead which borax forms with manganese compounds 
appears black when containing a considerable portion of sesquioxide of 
manganese, but that formed by phosphate of soda and ammonia never 
loses its transparency. The latter loses its color in the inner flame of 
the blowpipe far more readily than the former. 

§ 108. 

c. Protoxide op I^iokel (NiO). 

1. Metallic nickel in the fused state is silvery white, inclining to 
gray ; it is bright, hard, malleable, ductile, difficultly fusible ; it does 
not oxidize in the air at the common temperature, but it oxidizes slowly 
upon ignition ; it is attracted by the magnet and may itself become 
magnetic. It slowly dissolves in hydrochloric acid and dilute sulphuric 
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a^idnpon 'the application of beat, tte solution being attended with 
evolution of bydrogen gas. It dissolves readily in nitric acid. The 
solutions contain protoxide of nickel. 

S. Hydrate of pbotoxide of nickel is green; and remains un-* 
altered in the air, but is converted by ignition into grayish-green 
PROTOXIDE OF NICKEL. Both the protoxide and its hydrate are readily 
soluble in hydrochloric, nitric, and sulphuric acids. But the protoxide 
which crystallizes in octahedrons is insoluble in acids ; it dissolves how- 
ever in fusing bisulphate of potassa. Sesquioxide of nickel is black ; 
it dissolves in hydrochloric acid to protochlorida 

3. Most of the salts of protoxide of nickel are yellow in the 
anhydrous, green in the hydrated state ; their solutions are of a light' 
green color. The soluble neutral salts slightly redden litmus-paper, and 
are decomposed at a red heat. 

4. Hydro8vlphy/ric add does not precipitate solutions of salts of prot- 
oxide of nickel with strong acids in presence of free acids j in the 
absence of free acid a small portion of the nickel gradually separates as 
black sulphide op nickel (Ni S). — Acetate of protoxide of nickel is 
not precipitated, or scarcely at all, in presence of free acetic acid. But in 
the absence of free acid the greater part of the nickel is thrown down by 
long-continued action of hydrosulphuric acid upon the fluid. 

5. Svlphide ofcmvmoniwrn produces in neutral, and hydrosutphwric aeid 
m alkaline solutions of salts of protoxide of nickel, a black precipitate 
of hydrated sulphide of nickel (NiS), which is not altogether insoluble 
in sulphide of ammonium, especially if containing free ammonia; the 
fluid £^m which the precipitate has been thrown down exhibits there- 
fore usually a brownish color. Sulphide of nickel dissolves scarcely at 
all in acetic acid, with great difficulty in hydrochloric acid, but readily 
in nitro-hydrochlorio acid upon application of heat. 

6. JPotassa and soda produce a light green precipitate of hydrate of 
protoxide op nickel J[^iO, HO), which is insoluble in an excess of the 
precipitants, and unalterable in the air. Carbonate of ammonia dis- 
solves this precipitate, when filtered and washed, to a greenish-blue fluid, 
from which potassa or soda re^Irecipitates the nickel as an apple-green 
hydrate of protoxide of nickel. 

7. Ammonia added in small quantity to solutions of protoxide of 
nickel produces in them a trifling greenish turbidity; upon further 
addition of the reagent this redissolves readily to a blue fluid containing 
a compound of protoxide of nickel and ammonia. Potassa and soda 
precipitate from this solution hydrate of protoxide of nickel. Solutions con- 
taining salts of ammonia or free acid are not rendered turbid by ammonia. 

8. Cyanide of Fotasdum produces a yellowish-green precipitate of 
CTAncde op nickel (NiCy), which redissolves readily in an excess of 
the precipitant as a double cyanide of nickel and potassium (NiCy + 
KCy) ; the solution is brownish-yellow. If sulphuric acid or hydro- 
chloric acid is added to this solution, the cyanide of potassium is decom- 
posed, and the cyanide of nickel reprecipitated. From more highly 
dilute solutions the cyanide of nickel separates only after some time ; it 
18 Yerj difficultly soluble in an excess of the precipitating acids in the 
cold, but more readily upon boiling. 

9. Carbonate of han-yta does not precipitate protoxide of nickel from 
aqueous solutions of its salts, upon digestion in the cold, with the excep- 
tion of sulphate of protoxide <of nickel 
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10. N'itrite of pctasaa^ used in conjonction with acetic acid, fails to 
precipitate even concentrated solutions of nickel. 

11. Borax and phosphate of soda and a/mmonia dissolve compounds of 
protoxide of nickel in the outer flame of the blowpipe to clear beads ; 
the bead produced with borax is violet whilst hot, reddish-brown when 
cold ; the bead produced with the phosphate of soda and ammonia is 
reddish, inclining to brown whUst hot, but turns yellow or reddish- 
yellow upon cooling. The bead which phosphate of soda and ammonia 
forms with salts of protoxide of nickel remains unaltered in the irvner 
flame of the blowpipe, but that formed with borax turns gray and turbid 
from reduced metallic nickel. Upon continued exposure to the blowpipe 
flame the particles of nickel unite, but without fusing to a bead, and. 
the glass becomes colorless. 

§ 109. 
J. Protoxide op Cobalt (CoO). 

1. Metallic cobalt in the fused state is steel-gray, pretty hard^ 
slightly malleable, ductile, difficultly fusible, and magnetic ; susceptible 
of polish ; it oxidizes very slowly in the air at the common temperature, 
more rapidly at a red heat ; with acids it presents the same reactions as 
nickel. The solutions contain protoxide of cobalt. 

2. Protoxide of cobalt is an olive-green, its hydrate a pale red 
powder. Both dissolve readily in hydrochloric, nitric, and sulphuric 
acids. Sesquioxide op cobalt (Co,0,) is black; it dissolves in hydro- 
chloric acid to protochloride, with evolution of chlorine. 

3. The SALTS OP protoxide op cobalt containing water of crystalliza- 
tion are red, the anhydrous salts mostly blue. The moderately concen- 
trated solutions appear of a light red color, which they retain even though 
considerably diluted. The soluble neutral salts redden litmus-paper 
slightly, and are decomposed at a red heat j sulphate of protoxide of 
cobalt alone can bear a moderate red heat without ,||^ering decomposi- 
tion. When a solution of chloride of cobalt is evapOTfted, the light red 
color changes towards the end of the operation to blue ; addition of 
water restores the red color. 

4. Eydrosutphuric acid does not precipitate solutions of salts of prot- 
oxide of cobalt with strong acids, if they contain free acid ; from neutral 
solutions it gradually precipitates part of the cobalt as black sxdphide 
of cobalt (CoS). Acetate of protoxide of cobalt is not precipitated, or 
to a very slight extent, in presence of free acetic acid. But in the absence 
of free acid it is completely precipitated, or almost completely. 

5. Svlphide ofammonvwm precipitates from neutral, and hydromjilphvaic 
cbdd from alkaline solutions of salts of protoxide of cobalt, the whole of 
the metal as black hydrated sulphide op cobalt (Co S). Chloride of 
ammonium promotes the precipitation most materially. Sulphide of 
cobalt is insoluble in alkalies and sulphide of ammonium, scarcely soluble 
in acetic acid, very difficultly soluble in hydrochloric acid^ but readily so 
in nitrohydrochloric acid, upon application of heat. 

6. Potassa and soda produce in solutions of cobalt blue precipitates of 
basic salts op cobalt, which turn o&een upon exposure to the air, 
owing to the absorption of oxygen ; upon boiling they are converted into 
pale red hydrate op protoxide op cobalt, which contains alkali, and 
generally appears rather discolored from an admixture of sesquioxide 
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formed in the process. These precipitates are insohible in solutions of 
potassa and soda ; but neutral carbonate of ammonia dissolves the washed 
precipitates completely to intensely violet-red fluids, in which a somewhat 
larger proportion of potassa or soda produces a blue precipitate, the fluid 
still retaining its violet color. 

7. Ammonia produces the same precipitate as potassa, but this redis* 
solves in an Excess of the ammonia to a reddish-brown fluid, from which 
solution of potassa or soda throws down part of the cobalt as a blue basic 
salt. Ammonia fails to precipitate solutions of protoxide of cobalt con- 
taming salts of ammonia or free acid. 

8. Addition of cycmide of potctssium to a solution of cobalt gives rise 
to the formation of a 'brownish-white precipitate of protogtanide of 
COBALT (Co Cy}} which dissolves readily as a double cyanide of cobalt 
and potassium in an excess of solution of cyanide of potassium. Acids 
precipitate from this solution cyanide of cobalt. But if the solution is 
boiled with cyanide of potassium in excess, in presence of free hydrocyanic 
add (liberated by addition of one or two drops of hydrochloric acid), a 
double compound of sesquicyanide of cobalt and cyanide of potassium 
(K^ COjCy, = K, Ckdy) is formed, in the solution of which acidis produce 
no precipitate (essential difference between cobalt and nickel). 

9. Ca/rho7uUe of baryta acts upon solutions of salts of protoxide of 
cobalt the same as upon solutions of salts of protoxide of nickel. 

10. If nitrite of potassa is added in not too small proportion to a 
solution of protoxide of cobalt, then acetic atdd to strongly acid reaction, 
and the mixture put in a moderately warm place, all the cobalt separates, 
from concentrated solutions immediately or very soon, frcnn dilute solo* 
tions after some time, aj|f nuisits op sesquioxide of cobalt and potassa 
(Oo^O,, 3 KO, ^ NO,, 2 HO), in the form of a crystaHine precipitate of 
a beautiful yellow color. The mode in which this precipitate forms may 
be seen from the following equation : 2 (fteO, SO^) + 6 (KO, NOJ + 

A=KO, A+2K0, SO, + Co,0„ 3K0, 5N0, + N0,. The precipitate 
is very perceptiWy soluble in pure water, but altogether insoluble in 
more concentrated solutions of siedts of potassa a^d in alcohol. When 
boiled with water it dissolves^ though not copiously, to a red fluid, which 
remains clear upon cooling, and from which alkalies throw down hydrate 
of protoxide of cobalt {Fischer, Aug. Stromeyer). This excellent reaction 
enables us to distinguish and separate nickel from cobalt. 

11. Borax dissolves compounds of cobalt both in the iuTier and outer 
flame of the blowpipe, giving clear beads of a magnificent blue color, 
which appear violet by candlelight, and almost black if the cobalt is 
present in considerable proportion. This test is as delicate as it is cha- 
racteristic. PhosphoJte of soda <md ammonia manifests with salts of 
cobalt before the blowpipe an analogous but less delicate reaction. 

§110. 

e, Protoxidb op Iron (FeO). 

1. Metaluo ibon in the pure state has a light whitish gray color (iron 
containing carbon is more or less gray) ; the metal is hard, lustrous, 
malleable, ductile, exceediugly difficult to fuse, and is attracted by the 
magnet. In contact with air and moisture a coating of rust (hydrate oi 
aesquioxide of iron) forms on its surfiaxie : upon ignition in the air a coat* 
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ing of black protosesquioxide. HydrocLloric acid and dilate sulpliaric 
acid dissolve iron, with evolution of hydrogen gas j if the iron contains 
carbon, the hydrogen is mixed with carbide of hydrogen. The solutions 
contain protoxide. Dilute nitric acid dissolves iron in the cold to nitrate 
of protoxide, with evolution of nitrous oxide ; at a high temperature to 
nitrate of sesquioxide, with evolution of nitric oxide ; if the iron contains 
carbon, some carbonic acid is also evolved, and there is left undissolved a 
brown substance resembling humus, which is soluble in alkalies j under 
certain circumstances graphite is also left behind. 

2. Protoxide of iron is a black powder: its hydrate is a white 
powder, which in the moist state absorWygen and Ipee^j acquires a 
grayish-green, and ultimately a brownish-red color. Both the protoxide 
and its hydrate are readily dissolved by hydrochloric, sulphuric, and 
nitric acids. 

3. The SALTS OF PROTOXIDE OF IRON have in the anhydrous state a 
white, in the hydrated state a greenish color ; their solutions only look 
greenish when concentrated. The latter absorb oxygen when exposed to the 
air, and are converted into salts of the protosesquioxide, with precipita- 
tion of basic salts of sesquioxide. Chlorine or nitric acid converts them 
by boiling into salts of sesquioxide. The soluble neutral salts redden 
litmus-paper, and are decomposed at a red heat. 

4. Solutions of salts of protoxide of iron made acid by strong acids 
are not precipitated by KydrosulphuriG cbcid; nor are neutral solutions of 
salts of protoxide of iron acidified with weak acids precipitated by this 
reagent, or at the most but very incompletely ; the precipitates are in 
that case of a black color. 

5. Svlphide of ammonium precipitates from neutral, and hydrosulphuric 
acid from alkaline solutions of salts of protoxide of iron, the whole of the 
metal as black hydrated protosulphide of iron (FeS), which is insoluble 
in alkalies and sulphides of the alkali metals, but dissolves readily in 
hydrochloric and nitric acids : this black precipitate turns reddish-brown 
in the air by oxidation. To highly dilute solutions of protoxide of iron 
addition of sulphide of ammonium imparts a green color, and it is only 
after some time that the protosulphide of iron separates as a black pre- 
cipitate. Chloride of ammonium promotes the precipitation most 
materially. 

6. Potassa and ammonia produce a precipitate of .hydrate of prot- 
oxide OF IRON (FeO, HO), which in the first moment looks almost white, 
but acquires after a very short time a dirty green, and ultimately a 
reddish-brown color, owing to absorption of oxygen from the air. Pre- 
sence of salts of ammonia prevents the precipitation by potassa partly, 
and that by ammonia altogether. If alkaline solutions of protoxide of 
iron thus obtained by the agency of salts of ammonia are exposed to the 
air, hydrate of protosesquioxide of iron and hydrate of sesquioxide of iron 
precipitate. 

7. Ferrocycmide of potassium produces in solutions of protoxide oi 
iron a bluish-white precipitate of fbrrogyanide of potassium and Uiob 
(K, Fe^ Cfy^, which, by absorption of oxygen from the air, speedily 
acquires a blue color. Nitric acid or chlorine converts it immediately 
into Prussian blue, 3 (K, Fe,, Qfy^ 4- 4 CI = 3 K CI + FeCl + 2 (Fe^ CfyJ 

8. Ferricyanide of potassium produces a magnificently blue precipitate 
of ferricyanide of iron (Fe, Cfdy). This precipitate does not dijffer ii 
color from Prussian blue. It is insoluble in hydrochloric add, but i 
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readilj decomposed by potassa. In highly dilute solations of salts of 
protoxide of iron the reagent produces simply a deep blue-green coloration. 

9. Stdphocyanide of potassium does not alter solutions of protoxide of 
iron free from sesquioxide. 

10. Carbonate ofha/ryta does not precipitate solutions of protoxide of 
iron in the cold, with the exception of the sulphate of protoxide of iron. 

11. Borax dissolves protoxide of iron compounds in the oxidizing flame, 
giving beads varying in color from yellow to dark red ; when cold the 
beads vary from colorless to dark yellow. In the inner flame the beads 
change to bottle-green, owing to the reduction of the newly-formed 
seaqnioxide to protosesquioxide. Phosphate of soda and ammionia show 
a similar reaction with the salts of protoxide of iron ; the beads 
with this reagent lose their color upon cooling still more comp^ 
is the case with those produced with borax ; the signs of i> 
redaction in the reducing flame are also less marked. 




§111. 
/. Sesquioxidb op Iron (Fe, J. 

1. The native crystallized SBSQxnoxiDE op iron is steel-gra^%,^fe 
native as well as the artificially prepared sesquioxide of iron gives upon 
trituration a brownish-red powder ; the color of hydrate of sesquioxide 
of iron is more inclined to reddish-brown. Both the sesquioxide and 
its hydrate dissolve in hydrochloric, nitric, and sulphuric acids; the 
hydrate dissolves readily in these acids, but the anhydrous sesquioxide 
dLsolves with greater difficulty, and completely only after long exposure 
to heat. Frotosesqihoztde op iron (Fe O, Fe, O,) is black; it dissolves 
in hydrochloric acid to protochloride and sesquichloride, in aqua regia 
to sesquichloride. 

2.. The neutral anhydrous salts op sesquioxide of iron are nearly 
white ; the basic salts are yellow or reddish-brown. The color of the 
solutions is brownish-yellow, and becomes reddish-yellow upon the appli- 
cation of heat. The soluble neutral salts redden litmus-paper, and are 
decomposed by heat 

3. Ifydroaulphimc acid produces in solutions made acid by stronger 
acids a milky white turbidity, proceeding from separated sulphur ; the 
salt of the sesquioxide being at the same time converted into salt of 
the protoxide : Fe, 0^ 3 SO, + HS = 2 (Fe O SOJ + HO, SO, + S. If 
solution of hydrosulphuric acid is rapidly added to neutral solutions, 
the reaction is marked by a transient blackening of the fluid, besides 
the separation of sulphur. From solution of neutral acetate i# sesqui- 
oxide of* iron hydrosulphuric acid throws down the greater part of the 
iron ; but in presence of a sufficient quantity of free acetic acid^sulphur 
alone separates. '' 

4 Sulphide of aMmonium precipitates from neutral, and hydrosul- 
phoiie acid from alkaline solutions of salts of sesquioxide of ij^, the 
whole of the metal as black hydrated protosulphide op iron (Fe S) : 
Fe, CI, + 3 NH^ S = 3 NH^ 01 + 2 Fe S + S. In very dilute solutions 
the reagent produces only a blackish-green coloration. The minutely 
divided protosulphide of iron subsides in such cases only after long 
standing. Chloride of ammonium most materially promotes the preci* 
pitation. Protosulphide of iron^ as already stated (§ 110, 5), is inscH 
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luble in alkalies and alkaline sulphides, but dissolres readily in hydro- 
chloric and nitric acids. 

5, Fotassa and ammonia produce bulky reddish-brown precipitates of 
HTDBATB OP SESQUioxiDB OP IRON (F, O,, HO), which are insoluble in 
an excess of the precipitant as well as in salts of ammonia. 

6. Ferrocycmide of potassium produces even in highly dilute solutions 
a magnificently blue precipitate of fbbrogyaiyide op ibon, or Prussian 
blue (Fe, Cfy,) : 2 (Fe, CI.) + 3 (Cfy, 2 K) = 6 K 01 + Fe, Ofy,. This 
precipitate is insoluble in hydrochloric acid, but is decomposed by 
potassa, with separation of hydrate of sesquiozide of iron. 

7« Ferricyanide of potassium deepens the color of solutions of salts of 
sesquioxide of iron to reddish-brown ; but it fails to produce a precipitate. 

8. Sulphocya/nide of potassium imparts to acid solutions of salts of 
sesquioxide of iron a most intense blood-red color, arising from the for- 
mation of a soluble sulphocyanide op ibon. Addition of acetate of 
soda destroys this color, hydrochloric acid restores it again. This test 
is the most delicate of all ; it will indicate the presence of sesquioxide of 
iron even in fluids which are so highly dilute that every other reagent 
£a.ils to produce the slightest visible alteration. The red coloration may 
in such cases be detected most distinctly by resting the test-tube upon a 
sheet of white paper, and looking through it from the top. 

9. Carbonate of baryta precipitates even in the cold all the iron as 

HYDRATE OP SESQCIOXIDE MIXED WITH A BASIC SALT. 

10. The reactions before the blowpipe are the same as with the prot- 
oxide. 

§ 112. 

EeeapituUUion and remarks, — On observing the reactions of the several 
oxides of the fourth group with solution of potassa, it would appear that 
the separation of the oxide of zinc, which is soluble in an excess of this 
reagent, might be readily effected by its means ; but in the actual expe- 
riment we And that rather notable quantities of oxide of zinc are thrown 
down with the sesquioxide of iron, protoxide of cobalt, &c. To such an 
extent indeed that it is often impossible to demonstrate the presence oi 
oxide of zinc in the alkaline filtrate. 

Again, the reactions of the difiSsrent oxides with chloride of ammonium 
and an excess of ammonia would lead to the conclusion that the sepa- 
ration of sesquioxide of iron from the protoxides of cobalt, nickel, and 
manganese, and from oxide of zinc, might be readily effected by these 
agents. But this method also if applied to the mixed oxides is inaccu- 
rate, since greater or smaller portions of the other oxides will always 
precipitate along with the sesquioxide of iron ; and it may therefore 
happen that small quantities of cobalt, manganese, &c., altogether escap 
detection in this process. 

It is far safer therefore to separate the other oxides of the fourtl 
group from sesquioxide of iron by carbonate of baryta, as in that case tb 
iron is precipitated free from oxide of zinc and protoxide of manganese 
and, if chloride of ammonium is added previously to the addition of th 
carbonate of baryta, almost entirely free also from protoxide of iiick< 
and protoxide of cobalt 

Protoxides :.of manganese may conveniently be separated from th 
protoxides of cobalt and nickel, as well as from oxide of zinc, by treatin 
the washed precipitated sulphides with moderately dilute acetic aci< 
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wUcli dissolves the sulphide of manganese, leaving the other sulphides 
uiidissolved. If the acetic acid solution is now mixed with solution of 
potassa, the least trace of a precipitate will be sufficient to recogoise the 
manganese before the blowpipe with carbonate of soda. 

If the sulphides left undissolved by acetic acid are now treated, after 
washing, with very dilute hydrochloric acid, the sulphide of zinc dis- 
solves, leaving almost the whole of the sulphides of cobalt and nickel 
behind. If the fluid is then boiled, and strongly concentrated to expel 
the hydrosulphuric acid, and afterwards treated with solution of potassa 
or soda in excess, the zinc is sure to be detected in the filtrate by hydro^ 
sulphuric acid. 

Cobalt may mostly be readily and safely detected in presence of nickel 
by the reaction with borax in the inner flame of the blowpipe ; to which 
end the filter with the mixed sulphides of nickel and cobaJt upon it is 
burnt in a small porcelain dish, and a portion of the residue tested with 
borax in the inner flame. The detection of nickel in presence of cobalt 
is a less easy task. The best way of effecting it is to mix the concen- 
trated solution containing the two metals with a sufficient quantity of 
nitrite of potassa, then a[dd acetic acid to strongly acid reaction, aod let 
the mixture stand at least twelve hours in a moderately warm place ; 
when the cobalt will separate as nitrite of sesquioxide of cobalt and 
potassa ; the nickel may then be readily precipitated from the filtrate 
by soda^ and tested before the blowpipe, to make quite sure of its 
nature. 

In practical analysis we generally separate the whole of the oxides of 
the fourth group as sulphides by precipitation with sulphide of ammo- 
niam. It is therefore in most cases still more convenient to separate 
nickel and cobalt, or at least the far larger portion of these two metals at 
the outset. To this end the moist precipitate of the sulphides is treated 
with water and some hydrochloric acid, with active stirring, but with- 
out application of heat. Nearly the whole of the sulphide of nickel and 
snlphide of cobalt is left behind undissolved, whilst all the other sulphides 
are dissolved. The undissolved residue of sulphide of cobalt and sulphide 
of nickel is filtered and washed, and treated as directed above. By 
boiling the filtrate with nitric acid the iron is converted from the state 
of protoxide, as it existed in the solution of the sulphide, into that of 
seaqoioxide. After the free acid has been nearly neutralized by carbonate 
of soda, the iron may be thrown down as basic salt either by carbonate 
of bai^ta in the col^ or by acetate of soda and boiling. Manganese and 
zinc alone remain in the filtrate ; these metals are then also precipitated 
with sulphide of ammonium and some chloride of ammonium, the 
precipitate is filtered and washed, and the two metals are finally 
separated from each other by acetic acid as directed above, or, after 
semoval of the baryta by sulphuric acid and great concentration, 
bj solution of potassa or soda. The trifling quantities of cobalt and 
nickel, dissolved on the first treatment of the sulphide precipitate with 
dilute hydrochloric acid, remain with the sulphide of zinc in the separa- 
tion of the latter from the sulphide of manganese by acetic acid — or. with 
the protoxide of manganese if the separation of the oxide is eflected by 
solution of potafea or soda. The sulphide of zinc may be extracted from 
the blackish precipitate by dilute hydrochloric acid, and the detection of 
the manganese in presence of the cobalt and nickel may be readily 
effected by means of soda in the outer flame. 
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Protoxide and sesquioxide of iron may be detected in presence of each. 
other by testing for the former with ferricyanide of potassium, for the 
latter with ferrocyanide of potassium or, better still, with sulphocyanide 
of potassium. 

In conclusion it is necessary to mention that alkalies fidl to preci- 
pitate the oxides of the fourth group in presence of non-volatile organic 
substances (such as sugar, tartaric acid, &c.). We have already seeii 
that the same remark applies to alumina. As regards sesquioxide of 
iron, even carbonate of baryta &dls to precipitate this in presence of 
non-volatile organic substances. 

Special Reactions of the rarer Oxides of ^fowrik grouf^. 

§113. 
a. OxmEs OF Uranium. 

'' This metal is found in a few minerals, as pitchblende, uran-ochre, &c. The sesqui- 
oxide of the metal is used to stain glass yellowish-green. Uranium forms two oxides, 
viz., the protoxide (UO), and the sesquioxide (U»OA The protoxide is brown; it 
dissolves in nitric acid to nitrate^ of sesquioxide. The hydrate of the sesquioxide 
is yellow ; at about 572° Fahrenheit it loses its water and turns red ; it is converted 
by ignition into the dark blackish-green protosesquioxide. The solutions of sesquioxide 
of uraniam in acids are yellow, nydrosulphtbric add does not alter them ; sulphide of 
ammonittm throws down from them, after neutralization of the free acid, a slowly 
subsiding precipitate, varying in color from dirty yellow to reddish- brown, and nearly 
blood-redj according to the presence and quantity of chloride of ammonium, ammonia, 
and sulphide of ammonium. Chloride of ammonium materially promotes Uie precipi- 
tation. The precipitate is readily soluble in acids, even in acetic acid, but insoluble in 
sulphide of ammonium. It does not consist of pure sulphide of uranium, but con- 
tains, besides uranium and sulphur, also ammonium, oxygen, and water. Ammonia^ 
potassa, and soda produce yellow precipitates of sesquioxide of uranium and alkali, 
which are insoluble in an excess of the precipitants. Carbonate of ammonia and hi- 
earhonaie of potassa or soda produce yellow precipitates of carbonate of sesquioxide of 
uranium and alkali, which readily redissolve in an excess of the precipitants, Potassa 
and soda throw down from such solutions the whole of the sesquioxide of uranium. 
Carbonate of baryta completely precipitates solutions of sesquioxide of uranium, even 
in the cold. Ferrocyanide of potassima produces a reddish-brown precipitate (a most 
delicate test for uranium). Borax and pho^hate of soda and amm<mia give with 
uranium compounds in the inner flame of the blowpipe green beads, in the outer flame 
yellow beads, which acquire a yellowish-green tint on cooling. 

b, Omdbs of Vanadium. 

Vanadium is a rare metal, found in vanadate of lead, and occasionally in small 
quantity in iron and copper ores, and in the slags left by them. Vanadium forms 
three oxides, viz.. Protoxide (VO), binoxide (VOg), and vanadic acid (VO,), The 
lower oxides are converted into the acid by heating with nitric acid or aqua regia, or 
by fusion with nitrate of potassa. Vanadic acid is yellowish-red ; it melts at an in- 
cipient red heat, and solidifies in crystals on cooling ; it is not volatile. It dissolves 
very sparingly in water, but the solution acts powerfully upon moist litmus-paper, im- 
parting a decided red tint to it. Vanadic acid combines with acids and with bases. 
a. Acid solutions. — ^The stronger acids dissolve vanadic acid to yellow or red fluids. 
The solutions are often decolorized by boiling. Sulphurous acid, many metals, organio 
substances, &c., reduce vanadic acid and color the fluid blue by the formation of 
binoxide of vanadium. Hydrostdphwric acid does not precipitate acidified solutions, 
but imparts a blue tint to them, sulphur separating at the same time. Sulphide of am- 
Tnonvmn imparts a brown tint to solutions of vanaaic acid ; on acidifying the solution 
with hydrochloric acid, or, better still, with sulphuric acid, brown tersulphide of vana- 
dium separates, which dissolves in an excess of sulphide of ammonium to a reddish- 
brown fluid. Ferrocyanide of potassivm produces a green precipitate, inftision of 
gaUSf after some time, a bluish-black precipitate, b. Vanadates. — Most of the neutral 
salts are yellow, those of the alkalies and some others are'by heating with water con- 
verted into a colorless modification. The acid salts ^re yellowish-red. The salts can 
bear a red heat ; most of them are soluble in water, all of them in nitric acid. Th6 
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TBoftdAte of ihe alkalies diBsdlYe the more sparingly in water the more free alkali or 
alkaline salt is present. If the eolation of a vanadate of an alkali is saturated with 
Mtride of euMnontvm, the whole of the vanadic acid separates as white vanadate of 
ainmiwiia» insoluble in solution of chloride of ammonium (most characteristic reaction). 
Hie precipitate gives by ignition vanadate of Mnoxide of vanadium. If an acidified 
■olntion of vauidate of alkali is shaken together with peroxide of hydrogen, tiie fluid 
acquires a red tint ; if ether is then added, and the mixture shaken, the solution re- 
tains its oolor, the ether remaining colorless (most delicate reaction) (Wsbtheb). 
Borax dissolves vanadic acid in we inner and outer flame to a clear bead; the- 
bead produced in the outer flame is colorless, with large quantities of vanadic acid, 
yellow ; the bead produced in the inner flame has a beautiful gnen color ; with larger 
qoantitiet of vanadic acid it looks brownish whilst hot^ and only turns green on 
cooling. 

e, (Mda of ThaUium. 

TlialEnm is the last discQrt|red of tiie known elements. It is found chiefly in iron 
pyrites, also in copper pyntBf and some other sulphuretted ores, and in native sulphur. 
It is found accumulated in the dust of the flues leading to the sulphuric acid chambers 
where the furnaces are fed with such ores. Thallium is a lead-like metaL It is soft» 
melts readily, and is volatile at a white heat. When bent or twisted it emits the 
same jpeculiar crackling sound as tin. It does not decompose pure water, but decom- 
poses it after addition of acid. It forms a basic oxide, a sesquioxide, and a peroxide. 
FroUmide of thallium dissolves in water forming an alkaline fluid. The solutions 
of its salts are not precipitated by alkalies nor by alkaline carbonates. The sulphate, 
nitrate^ and carbonate of protoxide of thallium are white, soluble in water, and readily 

ZtallisaMe. The phosphate is a crystalline precipitate almost insoluble in water and 
tine solutions, but readily soluble in piineral acids. Chromate of potaua produces 
a pale yellow, and bichromate of potassa a deep orange precipitate almost insoluble in 
water and adds. ffydrodUoric ahidf or soluble chlortdea, precipitate white chloride of 
thallium, which is neariy insoluble in water, hydrochloric acid or ammonia ; it is soluble 
in boiling water and crystallizes out on cooling ; hot nitric acid dissolves it permanently. 
Iodide of potassium precipitates it yellow, and bromide of potassium white, ffydro- 
ndphurie add does not predpitate acid solutions, and only very imperfectiy when 
neutnJ. Sulphide of ammonium throws down brownish black sulphide of thallium 
which readily collects in lumn|u it is insoluble in ammonia^ in alkaline sulphides and 
ift cyaiUde of potassium : it disHves sparingly in hydrochloric add, readily in sulphuric 
add and nitric add ; when moist it oxidizes rapidly in the air, being converted into 
snlpliate. Sulphide of thallium is more fusible than the metal Zine precipitates from 
thahinm solutions the metal in small crystalline leaflets or scales. CUorlm fiames are 
odoied intensdy green by thallium compounds. The epeetrwm of thallium consists of 
a single most characteristic tine of a magnificent emerald-g^reen color, which nearly 
coincides witii Ba, d (See Table I.) With minute quantities of thaUium the spectral 
reaction is but of veiy short duration. Spectrum analysis affords by far the best means 
for the detection of thaUium. Thalliferous pyrites give the green Une mostiy at once. 
In native sulphur thaUium is detected the most reaculv by firat removing the prindpal 
part of the sulphur by means of sulphide of carbon, and then examining the residue. 

§ 114. ' 

FIFTH GBOUP. 

More common oxides of the fifbb group : — Oxide of Silver, Suboxide 
OF Mbroubt, Oxide of Mxrcuby, Oxide of Lead, Teroxide of 
BisKUTH, Oxide of Copper, Oxide of Cadmiuic. 

Barer oxides of the fifth group ; — Oxides of Palladium, Rhodium, 

OSMIUII, BlTTHEKIUlL 

Froperiies of the group, — The sulphides corresponding to the oxides of 
this group are insoluble both in dilute adds and in alkaline sulphides.* 
The solutions of these oxides are therefore completely precipitated by 

• Consult however the paragraphs on oodde of copper and saboiddo and oxide of 
wncarj, as the latter remark applies only partially to them* 
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liydrosniplitiric acid, no matter whether they be neutral, or contain /ree 
acid or free alkali. The fact that the solutions of the oxides of the fifth 
group are precipitated by hydrosulphuric acid in presence of a free stronger 
acid, distinguishes them from the oxides of the foorth group and from 
the oxides of all the preceding groups. 

For the sake of greater clearness and simplicity, we divide the oxides 
of this group into two classes, and distinguish, • 

1. Oxides pbecipitablb by htdboohlobio aoib, Tia., oodde of talrosr, 
suboxide of mercury, oxide of lead. 

2. Oxides n^t precipitable by hydbochloiho acid, tiz., oxide of 
mercury, oxide of copper, teroxide of bismuth, oxide of (»dmium. 

Lead must be considered in both classes;, sifice the sparing solubility 
of its chloride might lead to confounding its oxide with suboxide of 
mercury and oxide of silver^ without affording j||on the other hand any 
means of effecting its perfect separation from the oxides of the second 
division* 

Special Reaetiona of the more common Omdes of ike fifth group. 

FIBST DIVISIOH OiP TBIB FIIPTH OROUP ; OXIDES WHICH ABE PRECIPITATED 

BY HYDBOCHLOmC ACID« 

a. Oxide of Silver (Ag O.) 

1. Metallic silver is white, very lustrous, moderately hard, highly 
malleable, ductile, rather difficultly fusible. It is scarcely oxidized by 
fusion in the air. Nitric acid disserves silver readily > the metal is in- 
soluble in dilute sulphuric acid and in hydrooUoric acid* 

2. Oxide of silver is a grayish-brown pMrder ; it is not altogether 
insoluble in water, and dissolves readily in dilute nitric acid. It forms 
no hjdrat^ It is decomposed by heat into metallic silver and oxygen 
gas. The black suboxide oi silver (Ag^O) and the binoxide (AgO,) ara 
likewise decomposed by heat into metallic silver and oxygen. 

3. The SALTS OF oxide of silver are non- volatile and colorless ; many 
of them acquire a black tint upon exposure to light. The soluble neutral 
salts do not alter vegetable colors, and are decomposed at a red heat. 

4. HydroMphwric add and sulphide of ommamcim precipitate from 
solutions of salts of sUv^. black sulphide of silver (AgS) which is 
insoluble in dilute acids, alkalies, alkaline sulphides, and cyanide of 
potassium. Boiling nitric acid decomposes and dissolves this precipitate 
readily, with separation of sulphur. 

5. Potassa and 8oda precipitate from solutions of salts of silver oxnoB 
OF SILVER in the form of a grayish-brown powder, which is insoluble in 
an excess of the precipitants, but dissolves readily in ammonia. 

6. Aimnoniaj if added in very small quantity to neutral solutions of 
oxide of silver, throws down the oxide as a brown precipitate,, which^ 
readily redissolves in an excess of ammonia^ Acid solutions of silver 
are not precipitated. 

7. Hydrochloric add eaidsoluhle metallic chlorides produce in solutions 
of salts of silver a white curdy precipitate of chloride of silver 
(AgCl), In very dilute solutions these reagenta impart at first simply 
a bluish- white opalescent appearance to the fimd; but afrer long. 
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itaiidiDg in a warm place the cUoride of silver collects at tlie bottom of 
the vessel By the action of light the white chloride of silver first 
acquires a violet tint, and ultimately turns black ; it is insoluble in 
Ditric acid, but dissolves readily in ammonia as ammonio-chloride of 
silver, from which doubly compound the chloride of silver is again sepa- 
rated by acids. Oonc^jbmted hyclrochloric acid and concentrated solu- 
tions of chlorides of th'^lkali metals dissolve chloride of silver to a very 
perceptible amount, more particularly upon application of heat ; but the 
disBolved chloride separates again upon dilution. Upon exposure to 
heat chloride of silver fuses without decomposition, giving upon cooling 
a transparent horliy mass. 

8. If compounds of silver mixed with ccMrhonaie of soda are exposed 
on a charcoal support to the inTier flame of the blowpipe, white brilliant 
ductile metallic globules are obtained, with or without a slight dark red 
incrustation of the charcoal 

§ 116. 

b. Suboxide op Mebgubt (Hg,0). 

1. Metallic mercury is grayish-white, lustrous, iuid at the common 
temperature ; it solidifies at— 40*^, and boils at 680^ Fah. It is insoluble 
in hydrochloric acid ; in dilute cold nitric acid it dissolves to nitrate of 
saboxide, in more concentrated hot nitric acid to nitrate of oxide of 
mercuiy. 

2. Suboxide of mercury is a black powder/ readily soluble in nitric 
add. It is decomposed by the action of heat^ the mercury volatilizing 
in the metallic state. It forms no hydrata 

3; The SALTS OF SUBOXIDE OF MERCURY volatilize upon ignition ; most 
of them sufifer decomposition in this process. Subchloride and sub- 
bromide of mercury volatilize unaltered. Most of the salts of suboxide 
of mercury are colorless. The soluble salts in the neutral state redden 
Htmus-paper. Nitrate of suboxide of mercury is decomposed by addi- 
tion of much water into, a light yellow insoluble basic and a soluble 
acid salt 

4. Hydrostdphttric add and sulphide of amvm<niiwm, produce black pre- 
cipitates of SUBSULPHIDE OF MERCURY (Hg,S), which are insdihble in 
dUate acids, sulphide of ammonium, and cyanide of potassium. Mono- 
snlphide of sodium, in presence of some caustic soda, dissolves this sub- 
sulphide, with separation of metallic mercury. Bisulphide of sodium 
dissolves the subsulphide without separation 0. metallic mercury. The 
solutions coAtain sulphide of mercury (HgS). Subsulphide of mercury 
is readily decomposed and dissolved by nitrohydrochloric acid, but not 
by boiling concentrated nitric acid. 

5. Fotcusa, soda, and aminonia produce in solutions of salts of sub- 
oxide of mercury black precipitates, which are insoluble in an excess of 
the precipitants. The precipitates produced by the fixed alkalies con- 
sist of SUBOXIDE OF MERCURY ; whilst those produced by ammonia 

consist of BASIC compounds of MERCURY WITH AMMONIA OR AMIDOGEN. 

6. Hydrochloric add and soluhle metaUic chlorides precipitate from 
solutions of salts of suboxide of mercury suBCHLomDE of mercury 
(Hg, 01) as a . fine powder of dazzling whiteness. Cold hydrochlorie 
acid and cold nitric acid &iil to dissolve this precipitate ; it dissolves 
however, although very difficultly and slowly, upon long-continued 
boiling with these adds, being resolved by hydrochloric acid into chloride 
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of mercury ttnd metallic mercury, which separates ; and converted* by 
niti^c acid into chloride of mercury and nitrate of oxide of mercury. 
Nitrohydrochloric add and chlorine water dissolve the subohloride of 
Imercury readily, converting it into chloride. Ammonia and potassa. 
decompose the subchloride of mercury, separating from it, the former a 
compound of protamide of mercury with protochloride of mercuiy (Hg, 
NH,, Hg, 01), the latter suboxide of mercury. 

7. If a drop of a neutral or slightly add solution of suboxide of mer- 
cury is put on a clean cmd sinooth surface of copper, and washed off after 
some time, the spot will alBberwards, on being gently rubbed with cloth, 
paper, &c., appear white and lustrous like silver. The application of a 
gentle heat to the copper causes the metallic mercury precipitated on its 
surface to volatilize, and thus removes the silvering. 

8. FrotocJdoride of tin produces in solutions of suboxide of mercury a 
gray precipitate of metallic mebgurt, which may be united into glo- 
bules by boiling the metallic deposit, after decanting the fluid, with 
hydrochloric acid, to which a little protochloride of tin may also be 
added. 

9. If an intim#e mixture of an anhydrous compound of mercury 
with anhydrous ca/rhoncUe of soda is introduced into a sealed glass tube, 
and covered with a layer of carbonate of soda, and the tube is then 
strongly heated, the m^curial compound invariably nndei^oes decom- 
position, and METALLIC MERCURY separates, forming a coat of gray sub- 
limate above the heated part of the tube. The minute particles of 
mercury may be united into larger globules by rubbing this coating with 
a glass rod. 

§ 117. 

c. Oxide op Lead (Pb O). 

1. Metallic lead is bluish-gray ; its surface recently cut exhibits a 
metallic lustre ; it is soft, malleable, readily fndble. It eva.porates at a 
white heat. Fused upoi^ charcoal before the blowpipe it forms a coating 
of yellow oxide on the support. Hydrochloric acid and moderately 
concentrated sulphuric acid act upon it but little, even With the aid of 
heat ; but dilute nitric acid dissolves it readily, more particularly on 
heating. 

2. Oxide op lead is a yellow or reddish-yellow powder, looking 
brownish-red whilst hot, and fusil^e at a red heat. Hydrated oxide ^ 
lead is white. Both the^xide and its hydrate dissolve readily in nitric 
and acetic acids. Suboxide op lead (Pb^, 0) is black, Minium (2 PbO, 
Pb O,) red, BiNcfxiDE (Pb O,) brown. They are all of them converted 
into the oxide by ignition in the air. The binoxide is not dissolved by 
heating with nitric acid, but it dissolves readily in that menstruum on 
addition of some spirit of wine. The solution contains nitrate of oxide 
of lead. 

3. The SALTS OF oxide o"^ lead are non-volatile ; most of them are 
colorless ; the neutral soluble salts redden litmus-paper, and are decom- 
posed at a red heat. If chloride of lead i^ ignited in ther^, part of it 
volatilizes, and leaves behind a mixture of oxide of lead and mioride of 
lead. 

4. HydrosuLphwric a,(Ad and sulphide ofa/mmoniwm produce involu- 
tions of salts of lead black precipitates of sulphide op lead (Pb S),* 
are insoluble in ccUd dilute adds, in alkalies, alkaline sulphide 
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cyanide of potassium. Sulphide of lead is decomposed by hot nitric 
acid. If the acid was dilute, the whole of the lead is obtained in solution 
as nitrate of oxide of lead, and sulphur separates — if the acid was 
fuming, the sulphur is also completely oxidized, and insoluble sulphate 
of lead alone is obtained ; — if the acid was of medium concentration, 
both processes take place, a portion of the lead being obtained in solution 
as nitrate of lead, whilst the remainder separates as' sulphate of lead, 
together with the unoxidized sulphur. In solutions of salts of lead con- 
taining a large excess of a concentrated mineral acid, hydrosulphuric 
acid produces a precipitate only after the addition of water or after 
neutralization of the iree acid by an alkali If a solution of lead is pre- 
cipitated by hydrosulphuric acid in presence of a large quantity of free 
hydrochloric acid, a red precipitate is formed, consisting of chloride and 
sulphide of lead, which is however converted by an excess of hydrosul- 
phuric acid into black sulphide of lead. 

5. PoUkssa, soda, and ammonia throw down basic salts of lead in 
the form of white precipitates, which are insoluble in ammonia and diffi- 
cultly soluble in potassa and soda. In solutions of acetate of lead am- 
monia (free from carbonic acid) does not immediately produce a pre- 
cipitate, owing to the formation of a soluble triacetate of lead. 

6. Carbonate of soda throws down from solutions of salts of lead a 
white precipitate of basic carbonate op lead [e.g,, 6 (Pb 0, C O,) + 
Pb 0, H 0], which is insoluble in an excess of the precipitant and also in 
cyanide of potassium. 

7. HydrocMoric acid and solvhle chlorides produce in concentrated 
solutions of salts of lead heavy white precipitates of chloride of lead 
(Pb CI), which are soluble in a large amount of water, especially upon 
application of heat This chloride of lead is converted by ammonia into 
basic chloride of lead (PbCl, 3PbO + HO), which is also a white 
powder, but almost absolutely insoluble in water. In dilute nitric* 
and hydrochloric acids chloride of lead is more difficultly soluble than in 
water. 

8. Sulphuric cusid and sulphaies produce in solutions of salts of lead 
white precipitates of sulphate of lead (Pb O, S O,), which are nearly 
insoluble in water and dilute acids. From dilute solutions, especially 
£romsuch as contain much free acid, the sulphate of lead precipitates 
only after some time, frequently only after a long time. It is advisable 
to' add a considerable excj^ of dilute sulphuric acid, as this tends to 
increase the delicacy of the i*eactt6n, sulphate of lead being more insoluble 
in dilute sulphuric acid than in water. The separation of Muall quan- 
tities of sulphate of lead is best effected by evaporating, after the addi^ 
tipn of the sulphuric acid, as far as practicable on the water-bath, and 
then treating the residue with water. Sulphate of lead is slightly 
soluble in concentrated nitric acid ; it dissolves with difficulty in boiling 
concentrated hydrochloric acid, but tnore readily in solution of potassa4 
It dissolves also pretty readily in the solutions of some of the salts of 
ammonia, particularly in solution of acetate of ammonia; dilute sulphuric 
aoid precipitates it again from these solutions. 

9. C^amaie o/pi^assa produces in solutions of salt of lead a yellow 
preciprate of chromate of lead (Pb O, Cr O,), which is readily soluble 
in potassa, but difficultly so in dilute nitric acid. 

10. If a mixture of a compound of lead with carbonate cf soda is ex- 
posed on a charcoal support to the rediudngjlame j&flhe blowpipe, soft 
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malleable metallic globules of lead are readilj produced, the charcoal 
becoming covered at the same time with a slight yellow incrustation of 

OXIDE OF LEAD. 

§ 118. 

Recapvtvlation and remarha, — The metallic oxides of the first division 
of the fifth group are most distinctly characterized in their correspondidg 
chlorides ; since the different reactions of these chlorides with water 
and ammonia afford us a simple means both of detecting them and of 
efifecting their separation from one anothei:; For if the precipitate con- 
taining the three metallic chlorides is boiled with a somewhat large 
quantity of water, or boiling water is repeatedly poured over it on the 
filter, the chloride of lead dissolves, whilst the chloride of silver and the 
subchloride of mercury remain undissolved. If these two chlorides are 
then treated with ammonia, the subchloride of mercury is converted 
into the black basic salt, insoluble in an excess of the ammonia, described- 
in § 116, 5, whilst the chloride of silver dissolves readily in the am- 
monia, and precipitates from this solution again upon addition of nitric 
acid. When operating upon small quantities it is advisable first to expel 
the greater part of the ammonia by heat. In the aqueous solution of 
chloride of lead the metal may be readily detected by sulphuric acid. 

SECOND DIVISION. OF THE KOBE COMMON OXIDES OF THE FIFTH GEOUP : 
OXIDES WHICH ABE NOT PBECIPITATED BT HTDROCHLOBIC ACID. 

Special Reactions. 
§ 119. 

a. Oxide of Mercubt (HgO). 

1. Oxide of"mebcubt is generally crystalline, and has a bright red 
color, which upon reduction to powder changes to a pale yellowish-red ; 
the oxide precipitated from solutions of the nitrate or from solutions of 
the chloride forms a yellow powder. Upon exposure to heat it tran- 
siently acquires a deeper tint ; at a dull red heat it is resolved into me- 
tallic mercury and oxygen. Both the crystalline and non-crystalline 
oxide dissolve readily in hydrochloric acid and in nitric acid. 

2. The SALTS of oxide of mercuby volatilize upon ignition ; they 
suffer decomposition in this process.; chloride, bromide, and iodide of 
mercury volatilize unaltered. Most of the salts of oxide of mercury are 
colorless. The soluble neutral salts redden litmus-paper. The nitrate 
and sulphate of oxide of mercury are decomposed by a large quantity 
of water into soluble acid and icsolu^ble basic salts. 

3. Addition of a very small quantity of hydrostUphimc acid or std- 
phide of armnonium produces in solutions of oxide of mercury, after 
shaking, a perfectly white precfipitate. Addition of a somewhat larger 
quantity of these reagents cauSes the precipitate to acquire a yellow, 
orange, or brownish-red color, according to the less or greater proportion 
added ; an excess of the precipitant produces a black precipitate of sul- 
phide OF mebcubt (HgS). This progressive variation of color from 
white to black, which depends on the proportion of the hydrosulphuric 
acid or sulphide of ammonium added, distinguishes the oxide of mercury 
from all other bodies. The white precipitate which forms at first con- 
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sists of a double componnd of sulphide of mercury with the still unde- 
composed portion of the salt of oxide of mercury (in a solution of chlo- 
ride of mercury, for instance, HgCl + 2 HgS) ; the gradually increasing 
admixture of black sulphide causes the precipitate to pass through the 
several gradations of color. above mentioned. Sulphide of mercury is 
not dissolved by sulphide of ammonium, nor by potassa or cyanide of po- 
tassium ; it is altogether insoluble in hydrochloric acid and in nitric acid, 
even upon boiling. It dissolves completely in sulphide of potassium and 
sulphide of sodium, in presence of some caustic soda or potassa; it 
is readily decomposed and dissolved by nitrohydrochloric acid. In solu- 
tions of oxide of mercury containing a large excess of concentrated 
mineral acid, hydrosulphuric acid produces a precipitate only after addi- 
tion of water. 

4. Potassa added in small quantity produces in neutral or slightly acid 
solutions of oxide of mercury a reddish-brown precipitate, which ac- 
quires a yellow tint if the reagent is added in excess. The reddish- 
hrown precipitate is a basic salt; the yellow precipitate consists of 
oxms OF MERCUET. An excess of the precipitant does not redissolve 
these precipitates. In vezy acid solutions this reaction does not take 
place at all, or at least the precipitation is very incompleta In presence 
of salts of ammonia potassa produces in solutions of salts of oxide of 
mercury, instead of reddish-brown or yellow, white precipitates. The 
precipitate thrown down by potassa from a solution of chloride of mer- 
cury containing an excess of chloride of ammonium is of analogous 
composition to the precipitate produced by ammonia (see 5). 

5. Ammonia produces in solutions of salts of oxide of mercury white 
precipitates quite analogous to those produced by potassa in presence of 
chloride of ammonium ; thus, for instance, ammonia precipitates from 
solutions of chloride of mercury a double compound of chloride of 

XEECURT AND AMIDE OP MERCURY (HgCl + Hg N H,). 

6. Fratochloride of tin added in small quantity to solution of chloride 
of mercury, or to solutions of salts of oxide of mercury in presence of 
hydrochloric acid, throws down subchlortde of mercury (2 HgCl + Sn 
CI = HgjCl + Sn CI,). By addition of a larger quantity of the reagent the 
pure precipitated subchloride is reduced to metal (Hg, CI + SnCl = Hg, + 
SnCQ. The precipitate, which was white at first, acquires therefore 
now a gray tint, and may, after it has subsided, be readily united into 
globules of metallic mercury by boiling with hydrochloric acid. 

7. The salts of oxide of mercury show the same reaction as the salts 
of the suboxide with metallic copper and when heated together with 
carbonate of soda in a glass tube. 

§ 120. 
b. Oxide of Copper (CuO). 

1. Metallic copper has a peculiar red color, and a strong lustre ; it 
is moderately hard, malleable, ductile, rather difficultly fusible ; in con- 
tact with water and air it becomes covered with a green crust of basic 
carbonate of oxide of copper ; upon ignition in the air it becomes coated 
over with black oxide. In hydrochloric acid and dilute sulphuric acid 
it is insoluble or nearly so, even upon boiling. Nitric acid dissolves the 
metal readily. Concentrated sulphuric acid converts it into sulphate of 
oxide of copper, with evolution of sulphurous acid. 
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2, Suboxide op copfeb is red, its hjdrate yellow ; both change to 
oxide upon ignition in the air. On treating the suboxide with dilute 
sulphuric acid metallic copper separates, whilst sulphate of oxide of 
copper dissolves ; on treating suboxide of copper with hydrochloric acid 
white subchloride of copper is formed, which dissolres in an excess of 
the acid, bat is reprecipitated from this solution by water. 

3. Oxide op copper is a black fixed powder ; its hydrate (CuO, HO) 
n of a light blue color. Both the oxide of coi>per and its hydrate 
dissolve readily in hydrochloric, sulphuric, and nitric acids. 

^. Most of the neutral salts op oxide op copper are soluble in 
water ; the soluble salts redden litmus, and suffer decomposition when 
heated to gentle redness, with the exception of the sulphate, which can 
bear a somewhat higher temperature. They are usually white in the 
anhydrous state ; the hydrated salts are usually of a blue or green color, 
which their solutions continue to exhibit even when much diluted. 

5. jffydrosulpkuric etdd and stdphide of cmvmonvwm, produce in alka* 
line, neutral, and acid solutions of salts of oxide of cof^r, brownish^ 
black precipitates of sulphide op copper (CnS). This sulphide is 
insoluble in dilute acids and caustic alkalies. Hot solutions of sulphide 
of potassium and sulphide of sodium fail also to dissolve it or dissolve it 
only to a very trifling extent ; but it is a little more soluble in sulphide 
of ammonium. The latter reagent is therefore not well adapted to effect 
the perfect separation of sulphide of copper from other metallic sulphides. 
Sulphide of cop|)er is readily decomposed and dissolved by boiling nitric 
acid, but it remains altogether unaffected by boiling dilute sulphuric 
acid. It dissolves completely in solution of cyanide of potassium. In 
solutions of salts of copper which contain an excess of a concentrated 
mineral acid hydrosulphuric acid produces a precipitate only after the 
addition of water. 

6. Potaasa or soda produces in solutions of salts of oxide of copper a 
light blue bulky precipitate of hydratb op oxide op copper (CuO, 
HO). If the solution is highly concentrated, and the precipitant is 
added in excess, the precipitate turns black after the lapse of some time, 
and loses its bulkiness, even in the cold ; but the change takes place 
immediately if the precipitate is boiled with the fluid in which it is 
suspended (and which must, if necessary, be diluted for the purpose). 
In this process the (CuO, HO) hydrated oxide is converted into the 
(3 Cu 0, H O) hydrated oxide. 

7. Ga/rboruxie ofaoda produces in solutions of salts of oxide of copper 
a greenish-blue precipitate of hydrated basic carbonate op copper 
(CuO, COj + CuO, HO), which upon boiling changes to brownish-black 
hydrate of oxide of copper, and dissolves in ammonia to an azure-blue, 
and in cyanide of potassium to a brownish fluid. 

8. Ammonia added in small quantity to solutions of neutral salts of 
oxide of copper produces a green ish-.blue precipitate, consisting of a 
BASIC SALT OP COPPER. This precipitate redissolves readily upon further 
addition of ammonia to a perfectly clear fluid of a magnificent azure* 
blue, which owes its color to the formation of a basic double salt op 
AMMONio-oxiDE OP COPPER. Thus, for instance, in a solution of sulphate 
of oxide of copper ammonia produces a precipitate of N H^, Cu O + N H^O, 
SO3. In solutions containing a certain amount of free acid ammonia 
produces no precipitate, but this azure-blue coloration makes its appear- 
ance at once the instant, the ammonia predominates. The blue color 
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oeases to be perceptible only in very dilute solntiohs. Potassa produces- 
in such blue solutions in the cold, after the lapse of some time, a preci- 
pitate of blue hydrate of oxide of copper ; but upon boiling the fluid 
this reagent precipitates the whole of the copper as black hydrated 
oxide. Carbonate of ammonia shows the same reactions with salts of 
copper as pure ammonia. 

9. Ferrocyamde of potassium produces in moderately dilute solutions 
a reddish-brown precipitate of ferrogyanide of copper (Cu^, Cfy), 
which is insoluble in dilute acids, but suffers decomposition when acted 
upon by potassa. In very highly dilute solutions the reagent produces 
only a reddish coloration of the fluid. 

10. MetaUic iron when brought into contact with concentrated solu*< 
tions of salts of copper is almost immediately covered with a coppery- 
red coating of metallic copper; very dilute solutions produce this 
coating only after some time. Presence of a little free acid accelerates 
the reaction. 

If a fluid containing copper and a little free hydrochloric acid is 
poured into a small platirmm dish (the lid of a platinum crucible), and 
a small piece of zinc is introduced, the bright platinum surface speedily 
hecoraes covered with a coating of copper ;^even with very dilute solu- 
tions this coating is clearly discemibla 

11. If a mixture of a compound of copper with carbonate of soda is 
exposed on a charcoal support to the inner flame of the blowpipe^ 
METALLIC copper is obtained, without incrustation of the charcoal. The 
best method of freeing this copper from the particles of charcoal is to 
triturate the fused mass in a small mortar with water, and to wash off 
the charcoal powder, when the coppery-red metallic partides will be 
left behind. 

12. If copper, or some alloy containing copper, or a trace of a salt of 
coi»per, or even simply. the loop of a platinum wire dipped in a highly 
dilute copper solution, is introduced into the fusion zone of the gas 

flam/ty or exposed to the inner blowpipe flame, the upper or outier portion 
of the flame shows a magnificent emerald-green tint. Addition of 
hydrochloric acid to the sample considerably heightens the beauty and 
delicacy of this reaction. 

13. Borax and phosphor of soda amd amrnonda readily dissolve oxide 
of copper in the outer gas- or blowpipe-flame. The beads are green 
while hot, blue when cold. In the iuuer flame the bead produced with 
borax appears colorless, that produced with phosphate of soda and 
ammonia turns dark green; both acquire a brownish-red tint upon 
cooling. 

S 131. 

e. Teroxtde of Bismuth (BiO,). 

1. Bismuth has a reddish tin-white color and moderate metallic 
lustre ; it is of mediuni hardness, brittle, readily fusible ; fused upon a 
charcoal support it forms a coating of yellow teroxide on the purface of 
the charcoflJL It diiwolves readily in nitric acid, but is nearly insoluble 
in hydrochloric acid and altogether so in dilute sulphuric acid. Concen- 
trated sulphuric add converts it into sulphate of teroxide of bismuth, 
with evolution of sulphurous acid. 

2. The teroxide of bismuth is a yellow powder, which transiently 
acquires a deeper tint when heated. It fuses ^t a red heat. Hydrate 
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of teroxide of bl^nnQtli is white. Both the teroxide and its hydrate 
dissolve readily in hydrochloric, sulphuric, and nitric acids. The grayish- 
black binoxide of bismuth (BiOJ and the red bbmuthic acid (BiO,) 
are converted into teroxide by ignition in the air. By heating with 
nitric acid they are converted into nitrate of teroxide of bismuth. 

3. The SALTS OF teroxide of bismuth are non-volatile; most of 
them are decomposed at a red heat. Terchloride of bismuth is volatile. 
The salts of teroxide of bismuth are colorless or white ; some of them 
are soluble in water, others insoluble. The soluble salts in the neutral 
state redden litmus paper ; they are decomposed by a large quantity of 
water into insoluble basic salts, which sepai*ate, whilst the greater portion 
of the acid remains in solution together with some teroxide of bismuth. 

4. Hydrosvlphuric acid and sulphide of ammonium produce in neutral 
and acid solutions black precipitates of tersulphide of bismuth (BiS,), 
which are insoluble in dilute acids, alkalies, alkaline sulphides, and 
cyanide of potassium, but are readily decomposed and dissolved by 
boiling nitric acid. In solutions of salts of bismuth which contain a 
considerable excess of hydrochloric or nitric acid hydrosulphuric acid 
produces a precipitate only after the addition of water. 

5. Fotassa and ammonia^throw down from solutions of salts of bis- 
•muth hydrate of teroxide of bismuth, as a white precipitate, which 

is insoluble in an excess of the precipitant. 

6.- Carbonate of soda throws down from solutions of stilts of bismuth 
BASIC carbonate OF TEROXIDE OF BISMUTH (BiO^, ^JO^), as a white 
bulky precipitate, wUieh is insoluble in an excess of the precipitant, and 
equally so in cyanide of potassium. 

7. Ckromate of potassa precipitates from solutions of salts of bismuth 
chromate 6V' teroxide of bismuth (BiOg, 2 CrO^) as a yellow powder. 
This substance differs from chromate of lead in being readily soluble in 
dilute nitric acid and insoluble in potassa. 

8. Dilute sfiUphuric add fiiils to precipitate even only moderately 
dilute solutions of nitrate of teroxide of bismuth. On evaporating 
with an excess of sulphuric &cid on the water-bath to dryness, a white 
saline mass is left, which always dissolves readily and to a clear fluid in. 
water acidified with sulphuric acw(characteristic difference between 
teroxide of bismuth and oxide of lead). After long standing (several 
days occasionally) basic sulphate of teroxide of bismuth (BiO,, 80,,+ 
2 aq.) separates from this solution in white microscopic needle-shaped 
crystals, which dissolve in nitric acid. 

. 9. The reaction which characterizes the teroxide of bismuth more 
particularly is the decomposition of its neutral salts by water, which 
is attended with separation of insoluble basic salts. The addition of a 
large amount of water to solutions of salts of bismuth causes the imme- 
diate formation of a dazzling white precipitate, provided there be not 
too much free acid present. This reaction is the most sensitive with 
terchloride of bismuth, as the basic chloride of bismuth (BiCl,, 
2 BiOg) is almost absolutely insoluble in water. Where water fails to 
precipitate nitric acid solutions of bismuth, owing to the presence of too 
much free acid, a precipitate will almost invariably make its appearance 
immediately upon addition of solution of chloride of sodium. Presence 
of tartaric acid does not interfere with the precipitation of bismuth 
solutions by water. 

10. If a mixture of a compound of bismuth with carbonate of soda 
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IB exposed on a charcoal support to the reducing jlanm^ brittle globules 
OF BISMUTH are obtained, which flj info pieces under the stroke of a 
banuner. The charcoal becomes covered at the same time with a slight 
incnistation of teboxidb of bismuth, which is orange-colored whilst 
hot^ yellow when cold. 

§ 122. 
d. Oxide of Cadioum (CdO.) 

1. Metallic cadmium has a tin-white color ; it is lustrous, not 
bard, malleable, ductile ; it fuses at a temperature below red heat, chq(3r ., ,, 
volatilizes at a temperature somewhat above the boiling point of mercury, ^^ ' 
and may accordingly easily be sublimed in a glass tube. Heated on 
charcoal before the blowpipe it takes fire and bums, emitting brown 
fames of oxide of cadmium, which form a coating on the charcoal. 
Hydrochloric acid and dilute sulphuric acid dissolve it, with evolution of 
hydrogen ; but nitric acid dissolves it most readily. 

2. Oxide of cadmium is a yellowish-brown, fixed powder ; its hydrate 
is white. Both the oxide and its hydrate dissolve readily in hydrochloric, 
nitric, and sulphuric acids. 

3. The SALTS OF oxide of cadmium are colorless or white ; some of 
ihem are soluble in water. The soluble salts in the neutral state redden 
litmus-paper, and are decomposed at a red heat. 

4. Hydrosvlph/uric add and sulphide of (mimonium produce in alkaline, 
•neutral, and acid solutions of salts of cadmium, bright yellow precipitates 
of sulphide of cadmium (Cd S), which are insoluble in dilute acids, 
alkalies, alkaline sulphides, and cyanide of potassium (difference from 
copper). They are readily decomposed and dissolved by boiling nitric 
acid, as well as by boiling hydrochloric acid and by boiling dilute sul- 
phuric acid (difference between cadmium and copper). In solutions of 
salts of cadmium containing a large excess of acid, hydro^ulphuric acid 
produces a precipitate only after dilution with water. 

5. Potassa and soda produce in solutions of salts of cadmium white 
precipitates of htdbate of oxide of cadmium (CdO, HO), which are 
insoluble in an excess of the precipit^nts. 

6. Ammonia likewise precipitates from solutions of salts of cadmium 
white HTDBATE OF OXIDE OF CADMIUM, which however redissolves readily 
and completely to a colorless fluid in an excess of the precipitant. 

7. Carbonate of soda and ca/rbonate of ammoma produce white pre- 
cipitates of CABBONATE OF CADMIUM (CdO, CO^), which are insoluble in 
an excess of the precipitants. The presence of salts of ammonia does 
not prevent the formation of these precipitates. The precipitated car- 
bonate of cadmium dissolves readily in solution of cyanide of potassium. 
From dilate solutions the precipitate separates only after some time. 

8. If a mixture of a compound of cadmium with ca/rbonate of soda is 
exposed on a charcoal support to the rediudng flame, the charcoal becomes 
covered with a reddish-brown coating of oxide of cadmium, owing to 
the instant volatilization of the reduced metal and its subsequent re- 
oxidation in passing through the oxidizing flame. The coating is seen 
most distinctly after cooling. 

§123. 

Recapitulation and rema/rks, — ^The perfect separation of the metallic 
oxides of the second division of the flf th group from suboxide of mercury 
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and oxide of silver may, as alroadj stiated, be effected by means of bydro- 
chlorio acid ; but this agent fails to separate tJiem completely firom oxide 
of lead. Traces of salt of oxide of mercury, wbich are at first retained 
by the precipitated chloride of silver by snrfkoe attraction, are dissolved 
out completely by washing (G. J. Mulder). The oxide of mercary is 
distinguished from the other oxides of this division by the insolubility 
of the corresponding sulphide in boiling nitric acid. This property 
affords a convenient means for its separation. Only care must always be 
taken to free the sulphides complcitely by washing from all traces of hydro- 
chloric acid or a chJonde that may happen to he present, before pro- 
ceeding to boil them with nitric acid. Moreover, the reactions with 
protochloride of tin or with metallic copper, as well as those in the dry 
way, will, after the previous removal of the suboxide, always readily indi- 
cate the presence of oxide of mercury. When the moist way is chosen, 
the sulphide of mercury is dissolved most conveniently by heating it 
with hydrochloric acid and a few crystals of chlorate of potassa. 

From the still remaining oxides the oxide of lead is separated by addi- 
tion of sulphuric acid. The separation is the most complete if the fluid, 
after addition of dilute sulphuric acid in excess, is evaporated on the 
water-bath, the residue diluted with water, slightly acidified with sul- 
phuric acid, and the undissolved sulphate of lead filtered off immediately. 
The sulphate of lead may be further examined in the dry way by the 
reaction described in § 117, 10, or also as follows : — Pour over a small 
portion of the sulphate of lead a little of a solution of chromate of potassa, 
and apply heat, which will convert the white precipitate into yellow 
chromate of lead. Wash this, add a little solution of potassa or soda, 
and heat ; the precipitate will now dissolve to a clear fluid ; by acidifying 
this fluid with acetic acid, a yellow precipitate of chromate of lead will 
again be produced. After the removal of the oxides of mercury and 
lead, the teroxide of bismuth may be separated from oxide of copper and 
oxide of cadmium by addition of ammonia in excess, as the latter two 
oxides are soluble in an excess of this agent. If the filtered precipitate 
is dissolved in one or two .drops of hydrochloric acid on a watchglass, and 
water added, the appearance of a milky turbidity is a confirmation of the 
presence of teroxide of bismuth. — The presence of a notable quantity of 
oxide of copper is revealed by the blue color of the ammoniacal solution ; 
smaller quantities are detected by evaporating the ammoniacal solution 
nearly to dryness, adding a little acetic acid, and then ferrocyanide of 
potassium. The separation of oxide of copper from oxide of cadmium 
may be effected by acting on the sulphides with cyanide of potassium or 
with boiling dilute sulphuric acid (5 parts of water to 1 part of concen- 
trated sulphuric acid). The solution obtained of the two sulphides is* 
then precipitated by hydrosulphuric acid, and the precipitate separated 
from the fluid by decantation or filtration. On treating the precipitate 
now with some water and a small lump of cyanide of potassium, the 
sulphide of copper will dissolve, leaving the yellow sulphide of cadmium 
imdissolved in the residue. By boiling the precipitate of the mixed sul- 
phides, on the other hand, with dilute sulphuric acid, the sulphide of 
copper remains undissolved, whilst the sulphide of cadmium is obtained 
in solution. Hydrosulphuric acid will therefore now throw down from 
the filtrate yellow sulphide of cadmium (A. W. Hofmann). 
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Special Reactions of the rm*er Oxidee of the fifth grovp, 

$124. 

a. Pbotoxidb of Palladium (PdO). 

Palladium is a rare metal It is found in the metallic state, ocoMionally alloyed 
with gold and silver, but more particularly in platinum ores. It greatly resembles 
pUtinimiy but is somewhat darker in color. I« fuses with great difficulty. Heated in 
the air to dull redness it becomes covered with a bine film : but it recovers its light 
eolor and metallic lustre upon more intense ignition. It is sparingly soluble in pure 
nitric add, but dissolves somewhat more readily in nitric acid containing nitrous acid ; 
it dissolves very sparingly in boiling concentrated sulphuric acid, but readily in nitro- 
bydrochloric a<nd. It combines with 1 and 2 eq. of ozjgen to protoxide and binoxide. 
^lOTOXiDB OF palladium is black, its hydrate dark-brown ; both are by intense igni* 
tion resolved into oxygen and metallic palladium. BiNoxiDB OF palladium (Pd O,) 
is black ; by heating with dilute hydrochloric acid it is dissolved to protochloride, with 
erolution of chlorine. The salts of pbotoxidb of palladium are mostly soluble in 
mter ; they are brown or reddish-brown ; their concentrated solutions are reddish- 
brown, their dilute solutions yellow. Water precipitates from a solution of nitrate of 
protoxide of palladium containing a slight excess of acid a brown-colored basic salt. 
The oxygen salts, as well as the protochl<»ide, are decomposed by ignition, leaving 
metallic palladium behind. Jlt/drostUphurie acid and iulphide of timTnonivm throat 
down from acid or neutral solutions of salts of protoxide of palladium black proto- 
■olphide of palladium, which dissolves neither in sulphide of ammonium nor in boiling 
hydrochloric acid, and with difficulty in boiling nitric acid, but readily in nitrohydro- 
ebloric acid. From the solution of the protochloride potoisa precipitates a brown 
basic salt, soluble in an excess of the precifHtant ; ammonia flesh -colored ammonio" 
protodUoride of palladium (Pd Gl, N H,) ; cyanide of mercv/ry yellowish- white gela- 
tinous protocyanide of paUadvum, soluble in hydrochloric acid and in ammonia (this 
rssction is particularly characteristic). ProtodUoride of tin produces, in absence of 
liee hydrochloric acid, a brownish- black precipitate ; in presence of free hydrochloric 
acid, a red-colored solution, which speedily turns brown and ultimately green, and 
upon addition of water brownish-red. Sulphate of protoxide of iron produces a deposit 
of paUadiiun on the sides of the glass. Iodide of potassium precipitates black prot- 
iodide of palladium (this reaction also is very characteristic). Chloride of potassium 
precipitates from highly concentrated solutions of protoxide of palladium potassio- 
protochloride of palladium (KCl, PdCl), in the form of golden-yeUow needles, which 
dissolve readily in water to a dark-red fluid, but are insoluble in absolute alcohol. 

&. Sbsquioxidb of Rhodium (B^O^). 

Bhodium is found in small quantity in platinum ores. It is a steel-gray hard and 
brittle metaL It occurs also as a gray powder. In this latter state it is converted 
by ignition in the air into protoxide (KO), then into protosesquioxide ; but upon 
more intense ignition it again loses the absorbed oxygen. None of the acids dissolve 
ihodinm ; even in aqua regia this metal is soluble only when alloyed with platinuni, 
copper, id., but not when alloyed with gold or silver. Fusing hydrate of phosphoric 
acid and fusing bisulphate of potassa dusolve it to salt of sesquioxide. Sbsquioxidb 
OF bhodium is black, its hydrate greenish-gray or brown ; it is insoluble in acids, but 
dissolves in fusing hydrate of phosphoric acid and in fusing bisulphate of potassa. The 
solutions are rose -red. IfydrostUphuric acid and sulphide of ammonium precipitate on 
long-cotftinued action, more particularly with the aid of heat, brown sulphide of rho- 
dium, which is insoluble in sulphide of ammonium, but dissolves in boiling hydrochloric 
and nitric adds. Hydrate of potassa precipitates brown hydrate only on boiling. If 
some alcohol is added to the solution made alkaline by potaasa, rhodium shortly preci- 
pitates as a black powder ; in presence of a larger excess of potassa the rhodium takes a 
KMiger time to separate. Ammonia produces after some time a yellow precipitate, 
Kduble in hydrochloric acid. Zinc precipitates black metallic rhodium. All solid 
rfaodiom compounds give by ignition in hydrogen rhodium in the metallic state, which 
is well characterized by its insolubility in aqua regia, its solubility in fusing bisulphate 
of potasssiy and the reaction of this solution with potassa and alcohoL 

c, OxiDBS OF Osmium. 

Osmium is a rare metal ; it is found in platinum ores as a native alloy of osmium 
and iridium. It is generally obtained as a black powder, or gray and with metallic 
lustre ; it is infusible. The metal, the pbotoxidb (Os 0), and the binoxidb (Os 0^ burn 
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readily ^hen heated to redness in the air, and give OSMIO acid (Ob 0^), which volatilizes 
and makes its presence speedily known by its peculiar exceedingly irritating and offensive 
smell, resembling that of chlorine and iodine (highly characteristic). If a little osmium 
on a strip of platinum plate is held in the outer mantle of a g<u or alcohol Jlame, at 
half height, the flame becomes most strikingly luminous. Even minute traces of 
osmium may by this reaction be detected in alloys of iridium and osmium ; but the 
reaction is in that case only momentary ; it may however be reproduced by holding 
the sample first in the reducing flame^ then again in the outer mantle. Nitric acid^ 
more particularly red fuming nitric acid, and aqua regia dissolve osmium to osmic 
add. Application of heat promotes the solution, which is however attended in 
that case with volatilization of osmic acid. Very intensely ignited osmium is in- 
soluble in acids. It is fused with nitrate of potassa, and the fused mass distilled with 
nitric acid ; the osmic acid is found in the distillate. By heating osmium in chlorine 
g<u volatile green protochloride of osmium and still more volatile red bichloride of 
osmium are formed. Biohloridb of osmium in solution is rapidly decomposed, if no 
alkaline chloride is present, into hydrochloric acid, osmic acid, and osmium metal. All 
osmium compounds give osmium metal by ignition in a current of hydrogen gas. An- 
hydrous OSMIO ACID is white, crystalline, fusible by gentle heat ; it boils at about 212** 
Fahrenheit ; the fumes have a most irritating action upon the nose and eyes. Heated 
with water osmic acid fuses, and dissolves only slowly. The solution has scarcely acid 
reaction; it has a strong irritating and offensive smell. Alkalies color. the solution 
yellow and remove the smell, which however is immediately restored by heating with 
nitric acid or hydrochloric acid ; by heating in a distilling apparatus the osmic acid is 
obtained in the distillate (most characteristic). In the evaporation of a solution of 
osmate of alkali, OSMOUB acid (Os 0.) is formed, more particularly in presence of an 
excess of alkali. Addition of alcohol promotes the reduction. Hydrosulphuric acid 
precipitates brown tetrasulphide of osmium, which separates only in presence of a 
stronger free acid ; the precipitate does not dissolve in sulphide of ammonium* 
Nitrite of soda imparts to osmium solutions a deep blue-violet tint, and the fluid gra- 
dually deposits black osmium. Sulphate of protoxide of iron throws down black 
osmium ; formic acid produces the same precipitate ; zinc also and many other metals 
in presence of a stronger free acid. Potabsio-bichlobide of osmium dissolves very 
sparingly in cold, a little more readily in hot water ; it is insoluble in spirit of wine ; 
the solution in water acquires a deep blue tint by heating with tannic add (charac- 
teristic) ; formate of soda precipitates black osmium upon application of heat. 

d. Oxides of Huthekium. 

KuTHBNiUM is found in small quantity in platinum ores. It is a grayish-wlute 
brittle and very difficultly fusible metal. It is barely acted upon by aqua regia ; 
fusing bisulphate of potassa fails altogether to affect it. By ignition in the air it is 
converted into bluish-black sesquioxide of ruthenium (RujO,), insoluble in acids ; by 
ignition with chloride of potassium in a current of chlorine gas into potassio-sesqui- 
chloride of ruthenium ; by fusion with nitrate of potassa, with hydrate of potassa, or 
with chlorate of potskssa, into rhutenate of potassa (KO,RuO0). The fused mass 
obtained in the latter case is greenish- black, and dissolves to an orange-colored fluid, 
which tinges the skin black, from causing reduction and separation of black oxide. 
Acids throw down from the solution black oxide, which dissolves in hydrochloric acid 
to an orange-yellow fluid. This solution is resolved by heat into hydrochloric acid 
and brownish- black oxide. In a concentrated state it gives with chloride of potassium 
and chloride of ammonium crystalline gloHsy-violet precipitates, which on boiling with 
water deposit black oxyprotochloride. Potassa precipitates black hydrate of sesqui- 
oxide of ruthenium, which is insoluble in alkalies, but dissolves in acids. Hydrosvl' 
phuric add gas causes at first no alteration ; but after some time the fluid acquires an 
azure-blue tint, and deposits brown sulphide of ruthenium (very characteristic). 
Sulphide of ammonivm produces brownish -black precipitates, barely soluble in an 
excess of the precipitant. Svlphocya/mide of potassium produces — in the absence of 
other metals of the platinum ores — after some time a red coloration, which gradually 
changes to purple-red, and upon heating to a fine violet tint (very characteristic). 
Zinc produces at first an azure- blue coloration, which subsequently disappears, nitbO' 
nium being deposited at the same time in the metallic state. 
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§ 125. 

SIXTH OBOaP. 

More oommon oxides of the sixth group : — Teboxidb of Gold, 
BiNoxiDE OP Platinum, Protoxide op Tin, Binoxide op Tin, 
Teboxidb of Antimony, Absenious Acid and Arsenic Acid. 

Rarer oxides of the sixth group : — Oxides of Iridium, Molybdenum, 
Tungsten, Tellubium, Selenium. 

The higher oxides of the elements belonging to the sixth group are 
all of them more or less strongly pronounced acids. But we class them 
here with the bases, as they cannot well be separated from the lower 
degrees of oxidation of the same elements, to which they are very 
closely allied in their reactions with hydrosulphuric acid. 

Properties of the group. — The sulphides corresponding to the oxides of 
the sixth group are insoluble in dilute acids. These combine with alka- 
line sulphides to soluble sulphur salts, in which they perform the part of 
the acid. Hydrosulphuric acid precipitates these oxides therefore, like 
thoee of the fifth group, completely from acidified solutions. The preci- 
pitated sulphides differ however from those of the fifth group in this, 
that they dissolve in sulphide of ammonium, sulphide of potassium, d^a, 
and are reprecipitated from these solutions by addition of acids. 

We divide the more common oxides of this group into two classes, 
and distingpiish, 

1. Oxides whose cobresponding sulphides are insoluble in hydro- 
chloric ACID AND IN NITRIC ACID, and are reduced to the metallic state 
upon fusion in conjunction with nitrate and carbonate of soda : viz., 
Tsroxidb op gold and binoxide op platinum. 

2. Oxides whose cobbesponding sulphides abe soluble in boiling 
HYDROCHLORIC ACID OR NITRIC ACID, and are upon fusion with nitrate and 
carbonate of soda converted into oxides or acids, which then combine 
with the soda : viz., Teroxide op antimony, protoxide and binoxide op 

TIN, ARSENIOUS and ABSENIC ACIDS. 

FIB8T DIVISION. 

Special Reactions, 

§ 126. 

a. Teroxide op Gold (AuO,). 

1. Metallic gold has a reddish-yellow color and a high metallic 
lustre : it is rather soft, exceedingly malleable and ductile, difficultly 
fusible ; it does not oxidize upon ignition in the air, and is insoluble in 
hydrochloric, nitric, and sulphuric acids j but it dissolves in fluids con- 
taining or evolving chlorine, e.g,, in nitrohydrochloric acid. The solu- 
tion contains terchloride of gold. 

2. Teboxidb op gold is a blackish-brown, its hydrate a chestnut- 
brown powder. Both are reduced by light and heat, and dissolve 
readily in hydrochloric acid, but not in dilute oxygon acids. Concen- 
trated nitric and sulphuric acids dissolve a little teroxide of gold; 
water reprecipitates it from these solutions. Protoxide op gold (AuO) 
is violet-black ; it is decomposed by heat into gold and oxygeilr 

3. Salts op gold with oxygen acids are nearly unknown. The 
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HALOID SALTS of golcl are yellow, and their solutions continue to exhibit 
this color up to a high degree of dilution. The whole of them aire 
readily decomposed by ignition. Neutral solution of terchloride of gold 
reddens litmus-paper. 

4. Uydrosulphwric acid precipitates from neutral or add solutions of 
gold the whole of the metal, from cold solutions as black tersulphidb 
OF GOLD (AuB,), from boiling solutions as protosulphide of gold 
(AuS). The precipitates are insoluble in hydrochloric acid and in nitrLo 
acid, but soluble in nitrohydrochloric acid. The/ are insoluble in color- 
less sulphide of ammonium, but soluble in yellow sulphide of ammo- 
nium, and more readily still in yellow sulphide of sodium or sulphide of 
potassium. 

5. Svlphlde ofammonvu/m, precipitates brownish -black tersulphidb op 
GOLD (AuS^), which redissolves in an excess of the precipitant only if 
the latter contains an excess of sulphur. 

6. Arrmwnia produces, though only in concentrated solutions of gold, 
reddish-yellow precipitates of aurate op ammonia (fulminating gold). 
The more acid the solution and the greater the excess of ammonia added 
the more gold remains in solution. 

7. Protochloride of tin containing an admixture of bichloride (which 
may be easily prepared by mixing solution of protochloride of tin witli 
a little chlorine-watef), produces even in extremely dilute solutions o'f 
gold, a purple-red predpitate (or coloration at least), which sometimes 
inclines rather to violet or to brownish-red. This precipitate, which has 
received the name of purple op cassiub, is insoluble in hydrochloric 
acid. It is assumed to be a hydrated compound of binoxide of tin and 
protoxide of gold with protoxide and binoxide of tin (AuO,SnO, + Sn O, 
SnO, + 4HO). 

8. Salts of protoxide of iron reduce the teroxide of gold in its solu- 
tions, and precipitate metallic gold in form of a most minutely divided 
brown powder. The fluid in which the precipitate is suspended appears 
of a blackish-blue color by transmitted light The dried precipitate 
shows metallic lustre when pressed with the blade of a knife. 

9. Potassa or soda added in excess to a solution of terchloride of gold 
leaves the fluid clear ; upon addition of tannic acid a deep black preci- 
pitate of protoxide of gold (AuO) separates, which subsides completely 
after some time. 

§ 127. 

h, Binoxide of Platinum (PtOJ. 

1. Metallic platinum has a light steel-gray color ; it is very lus- 
trous, moderately hard, very difBcidtly fusible ; it does not oxidize upon 
ignition in the air, and is insoluble in hydrochloric, nitric, and sulphuric 
acids. It dissolves in nitrohydrochloric acid, especially upon heating. 
The solution contains bichloride of platinum (PtCl,). 

2. Binoxide of platinum is a blackish-brown, its hydrate a reddish- 
brown powder. Both are reduced by heat ; they are both readily 
soluble in hydrochloric acid, and difficultly soluble in oxygen acid& 
The hydrate of protoxide op platinum (PtO) is black ; it is by igni- 
tion reduced to the metallic state. 

3. The salts of binoxide of platinum are decomposed at a red heat 
They are yellow. Bichloride of platinum is reddish-brown, its solu- 
tioai reddidhyellow, which tint it retains up to a high degree of dilu- 
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iion. The solution reddens litmos-paper. Exposure to a very low red 
h^tconver& bichloride of platinum to protochioride (PtOl); applica- 
tion of a stronger red heat i*educe8 it to the metallic state. Solution of 
bicbloride of platinum containiug protochioride has a deep dark browu 
color. 

4. Uydroaulphu/nc acid throws down from acid and neutral solutions, 
bnt always only after the lapse of some time, a blackish-brown precipitate 
of BISCLPHIDE Ot PLATINUM (PtS,). If the solution is heated after the ad- 
dition of the hydrosulphuric acid the precipitate forms immediately. It 
dissolves in a great excess of alkaline sulphides, more particularly of the 
higher degrees of sulphuration. Bisulphide of platinum is insoluble in 
hydrochloric acid and in nitric acid ; but it dissolves in nitrohydrochlorio 
Mid. 

5. Sulphide of iJMkmomwn produces the same precipitate ; this redis- 
flolves completely, though slowly and with difficulty, in a large excess of 
the precipitant if the latter contains an excess of sulphur. Acids re- 
precipitate the bisulphide of platinum unaltered from the reddish-brown 
aolution. 

6. Chloride of potassium and chloride of ammonium (and accordingly of 
oourse also potassa and ammonia in presence of hydrochloric acid) pro- 
dnoe in not too highly dilute solutions of bichloride of platinum yeUow 
erystalline precipitates of potassio and ammonIo-bichloride of pla- 
tinum, which are as insoluble in acids as in water, but are dissolved by 
heating with solution of potassa. From dilute solutions these precipi- 
tin are obtained by evaporating the fluid mixed with the precipitants 
<m the water-bath to dryness, and treating the residue with a little 
water or with dilute spirit of wine. Upon ignition ammonio-bichloride 
txf ptetinum leaves spongy platinum behind. Fotassio-bichloride leaves 
platinum and ofaloride of potassium. The decoaipodtion of the latter 
compound is complete only if the ignition is effected in a current of 
hydrogen gas or with addition of some oxalic acid. 

7. ProtoMoride of tin imparts to solutions of bichloride of platinum 
containing much free hydrochloric acid an intensely dark brownish-red 
color, owing to a reduction of the bichloride of platinum to simple 
chloride. But the reagent produces no precipitate in such solutions. 

8. StUphale of protoxide of iron does not precipitate solution of bi- 
chloride of platinum, except upon very long-continued boilingi in which 
case the platinum ultimately suffers reduction. 

§128. 

S^capittdation and remarks, — The reactions of gold and platinum 
enable us, at least partially, to detect these two metals in the presence 
of many other oxides, and more particularly where platinum and gold 
are present in the same solution. In the latter case the solution is most 
conveniently evaporated to dryness at a gentle heat with chloride of 
ammonium, and the residue treated with spirit of wine, in order to ob- 
tain the gold in solution and the platinum in the residue. The precipi- 
tate will thus give platinum by ignition, and the gold may be precipi- 
tated from the solution by sulphate of protoxide of iron^ aiter removing 
the spirit of wine by evaporation. 
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SEOOim DIVISIOK OF THE SIXTH OUOUP. ^ 

Special Eectctions. 
§ 129. 

a. Protoxide op Tin (SnO). 

1. Tin has a light grayish-white color and a high metallic lustre ; it 
is soft and malleable ; when bent it produces a crackling sound. Heated 
in the air it absorbs oxygen and is converted into grayish-white binoxide ; 
heated on charcoal before the blowpipe it forms a white coating on the 
support. Concentrated hydrochloric acid dissolves tin to protochloride, 
with evolution of hydrogen gas ; nitrohydrochloric acid dissolves it, 
according to circumstances^ to bichloride or to a mixture of proto- and 
bichloride. Tin dissolves with difficulty in dilute sulphuric acid ; con- 
centrated sulphuric acid converts it, with the aid of heat, into sulphate 
of binoxide; moderately concentrated nitric acid oxidizes it readily, 
particularly with the aid of heat ; the white binoxide formed (hydrate 
of metastannic acid, Sn 0, 2 HO) does not redissolve in an excess of the 
^d. 

2. Protoxide of tin is a black or grayish-black powder ; its hydrate 
is white. Protoxide of tin is reduced by fusion with cyanide of potas- 
sium. It is readily soluble in hydrochloric acid. Nitric acid conrerts 
it into hydrate of metastannic acid which is insoluble in an excess of 
the acid. 

3. The SALTS OF PROTOXIDE OF TIN are colorless ; they are decom- 
posed by heat. The soluble salts, in the neutral state, redden litmus- 
paper. The salts of protoxide of tin rapidly absorb oxygen from the 
air, and are partially or entirely converted into salts of binoxide. Proto- 
chloride of tin, no matter whether in crystals or in solution, also absorbs 
oxygen from the air, which leads to the formation of insoluble oxy-pro- 
tochloride of tin and bichloride of tin. Hence a solution of protochloride 
of tin becomes' speedily turbid if the bottle is often opened and there is 
only little free acid present ; it is therefore only quite recently prepared 
protochloride of tin which will completely dissolve in water free from 
air, whilst crystals of protochloride of tin that have been kept for any 
time will dissolve to a clear fluid only in water containing hydrochloric 
acid. 

4. Hydrosvlpkwric add throws down from neutral and acid solutions 
of salts of protoxide of tin a dark brown precipitate of hydrated proto- 
SULPHIDE OF TIN (Su S), which is insoluble, or nearly so, in protosul- 
phide of ammonium, but dissolves readily in the higher yellow sulphide. 
Acids precipitate from this solution yellow bisulphide of tin, mixed with 
sulphur. Protosulphide of tin dissolves also in solution of soda or 
potassa. Acids precipitate from these solutions brown protosulphide. 
Boiling hydrochloric acid dissolves it, with evolution of hydrogen ; boil- 
ing nitric acid converts it into insoluble hydrate of metastannic acid. 
Alkaline solutions of protosalts of tin are not, or at least only imper- 
fectly, precipitated by hydrosulphuric acid. Presence of a very large 
quantity of free hydrochloric . acid may also prevent precipitation of 
solutions of salts of protoxide of tin by hydrosulphuric acid. 

5. Sulphide of ammonium produces the same precipitate of hydrated 

PROTOSULPHIDE OF TIN. 
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6. PoUMsa, soda, cmimonia, and carbonates of the alkalies, produce in 
solutions of salts of protoxide of tin a white bulky precipitate of hydbate 
OP PROTOXIDE OF TIN (Sn 0, H 0), which redissolves readily in an excess 
of potassa or soda, but is insoluble in an excess of the other precipitants. 
If the solution of hydrate of protoxide of tin in potassa is briskly evapo- 
rated a compound of binoxide of tin and potassa is formed, which remains 
in solution, whilst metallic tin precipitates ; but upon evaporating slowly 
crystalline anhydrous protoxide of tin separates. 

7. TerchJoride of gold produces in solutions of protochloride of tin 
and in solutions of salts of protoxide of tin mixed with hydro- 
chloric acid, upon addition of some nitric acid (without application of 
heat)^ a precipitate or coloration of pusple of cassius. (Compare 
§ 126, 7.) 

8. Solution of chloride of mercu/ry, added in excess, produces in solu- 
tions of protochloride or protoxide of tin a white precipitate of sub- 
chloeide of mebcuby, owing to the protosalt of tin withdrawing from 
the chloride of mercury half of its chlorine. 

9. If a fluid containing protoxide or protochloride of tin is added to a 
mixture oiferricya/rdde of potassium and sesqidchloride of iron a preci- 
pitate of Prussian blue separates immediately, owing to the reduction 
of the ferricyanide (Fe,Cfdy) to ferrocvanide (Fe^Cfy,). (Fe^Cfy^*) 
+ 2 H 01 + 2 Sn CI = Fe, Cfy, + H, Cfy + 2 SnCl,). This reaction is ex- 
tremely delicate, but it can be held to be decisive only in cases where no 
other reducing agent is present. 

10. If compounds of protoxide of tin, mixed with cao'bonate of soda 
and some boraaa, or, better still, with a mixture of equal parts of car- 
honate of soda and cyanide' of potassiwrn, are exposed on a charcoal 
support to the inifier blowpipe fiame malleable grains of metallic tin are 
obtained. The best way of making quite sure of the real nature of these 
grains is to triturate them and the surrounding parts of charcoal with 
water in a small mortar, pressing heavily upon the mass ; then to wash 
the charcoal off from the metallic particles. Upon strongly heating the 
grains of metallic tin on a charcosd support the latter becomes covered 
with a coating of white binoxide. 

§ 130. 

b, Binoxide of Tin (SnO,). 

1. Binoxide of tin is a powder varying in color from white to straw- 
yeUow, and which upon heating transiently assumes a brown tint. It 
forms two different series of compounds with acids, bases, and water. 
The hydrate precipitated by alkalies from solution of bichloride of tin 
dissolves readily in hydrochloric acid ; whilst that formed by the action 
of nitric acid upon tin — ^hydrate of metastannic acid — ^remains undis- 
Bolved. But if it is boiled for some time with hydrochloric acid it takes 
up acid ; if the excess of the acid is then poured off, and water added, a 
clear solution is obtained. The aqueous solution of the common bichlo- 
ride of tin is not precipitated by concentrated hydrochloric acid, whilst 
that acid produces in the aqueous solution of the metastannic chloride a 
white precipitate of the latter compound. The solution of the common 
bichloride of tin is not colored yellow by addition of protochloride of 
tin, as is the case in a remarkable degree if the solution contains meta- 

 2 (Fe, Cfdy) = Fe^ Cfy^ ; for Cfdy = Cj, N. Fe, = 2 Cfy. 
I. K 
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Btannio chloride (Lowenthal). The dilute solutioiiB of both chlorides of 
tm give upon boUing precipitates of the hydrates correspoudiug to the 
chlorides. 

2. The SALTS 07 BiKOZmE OF Tm are colorless. The soluble salts 
are decomposed at a red keat ; in the neutral state they redden litmus 
paper. Bichloride of tin is a volatile liquid^ strongly faming in the 
lur. 

3. Eydrosvlphjunc cbcid throws down from all acid and neatral solu*' 
tions of salts of binoxide of tin, particularly upon heating, a white floc- 
culent precipitate if the solution of the binoxide is in excess j a,JuinUf^ 
yeUaw precipitate if the hydrosulphuric acid is in excess. The former 
(the white precipitate) may safely be assumed, in the case of a solution 
of bichloride of tin, to consist of a mixture of bichloride and bisulphide 
of tin (it has not however as yet been analysed) ; the latter (the yellow 
precipitate) consists of hydrated bisulphide of tin (Sn S J. Alkaline 
solutions are not precipitated by hydrosulphuric acid; presence of a 
very large quantity of hydrochloric acid can also prevent precipitation. 
The bisulphide of tin dissolves readily in potassa or soda, alkaline sul- 
phides, and concentrated boiling hydrochloric acid, as also in aqua regia^ 
It dissolves with some difficulty in pure ammonia, and is nearly inso- 
luble in carbonate of ammonia. Concentrated nitric acid converts it 
into insoluble hydrate of metastannic acid. Upon deflagrating bisul- 
phide of tin with nitrate and carbonate pf soda sulphate of soda and 
binoxide of tin are obtained. If a solution of bisulphide of tin in potassa 
is boiled with teroxide of bismuth tersulphide of bismuth and binoxide 
of tin are formed, which latter substanee remains dissolved in the potassa 
solution. 

4. Sulphide of ammonium produces the same precipitate of hydrated 
bisulphide of Tis ; the precipitate redissolves readily in an excess of 
the precipitant. From this solution acids repredpitate the bisulphide of 
tin unaltered. 

5. Fotaasa, soda, and ammonia, ca/rbona/fs of soda and fXJMrhc^nate of 
ammMhia produce in solutions of salts of binoxide of tin white precipi- 
tates which, according to the nature of the solutions, consist of hydiHte 
of binoxide of tin, or of hydrate of metastannic acid. Both dissolve 
readily in an excess of solution of potassa or soda. 

6. SvlphaJLe of soda or niJbTate of ammonia (in fiftct, most neutral salts 
of the alkalies), when added in excess, throw down from solutions of both 
modifications of binoxide of tin, provided they are not too acid, the whole 
of the tin as htdbated binoxide or htdbated hetastannic acid. 
Heating promotes the precipitation : Sn 01, + 4 KaO, SO, + 4 HO = Sn 
0„ 2 HO + 2 Na 01 + 2 (Na O, HO, 2 SO,). 

7. MetaUic zinc precipitates &om solutions of bichloride of tin, in the 
absence of free acid, first some metallic tin, then oxychloride ; but in 
presence of a sufficient quantity of free hydrochloric acid metallic tin 
In the shape of small gray scales, or as a spongy mass. If the operation 
is conducted in a platinum dish, no blackening of the latter is observed 
(difference between tin and antimony). 

8. The compounds of the binoxide of tin show the same reactions 
before the blowpipe as those of the protoxide. Binoxide of tin is also 
readily reduced when fused with cyanide of potassium in a glass tube or 
in a crucible. 
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§ 131. 
c. Tebozide of Antimony (SbO,). 

1. MetjOiIJO AiTTiMOKT has a bluish tin- white color and is very lustrous ; 
it is hard, brittle, readily fusible. When heated on charcoal before the 
blowpipe it emits thick white fumes of teroxide of antimony, which form 
a coating on the charcoal ; this combustion continues for some time even 
after the removal of the metal from the flame ; it is the most distinctly 
visible if a current of air is directed with the blowpipe directly upon the 
sample on the charcoal But if the sample on the support is kept steady, 
tbat the fumes may ascend straight, the metallic grain becomes surrounded 
with a net of brilliant acicular crystals of teroxide of antimony. Nitric 
ukd oxidizes antimony readily : the dilute acid converting it almost 
entirely into teroxide, boiling concentrated acid into antimonic acid ; 
neither of the two is altogether insoluble in nitric acid ; traces of anti- 
mony are tkesefofe always found in the acid fluid filtered from the pre-" 
cipitate. Hydrochloric acid, even boiling, does not attack antimony. 
In nitrohydrochlorio acid the metal dissolves readily. The solution 
contains t«rchIoride of antimony (Sb CI,), or pentachloride of antimony 
(8bCly)y according to the degree of concentration of tha acid and the 
anration of the action. 

2. Acoording to the diflerent modes of its preparation, teroxide of 
▲HTIMONY occurs either in the form oi white and brilliant oiystalline 
needles, or as a grayish-white powder^ It fuses at a moderate red heat ; 
mken exposed to a higher temperature it volatilizes without decomposi- 
lion. It is almost insoluble in nitric acid, but dissolves readily in hydro- 

•|c and ttu'taric acids. No separation of iodine takes place on boiling 
p hydrochloric acid (free from chlorine) and iodide of potapsium 
Kt)m iodic acid) Bunssn. Teroxide of antimony is easily reduced 
e metallic state by fusion with cyanide of potassium. 

3. Antuconic acid (Sb 0,) is pale yellow ; its hydrates are white. 
Both the acid and its hydrates redden moisri; litmus-paper ; they are only 
veiy sparingly soluble in water, and insoluble in nitric acid, but dissolve 
pretty readily in hot concentrated hydrochloric acid : the solution con- 
tains pentachloride of antimony (SbOlJ, and turns turbid upon addition 
of water. On boiling antimonic acid with hydrochloric acid and iodide 
ot potassium iodine separates, which dissolves in the hydriodic acid pre- 
sent to a brown fluid (Bunsen). Upon ignition antimonic acid loses 
oxygen, and is converted into antimonate of teroxide of antimony 
(SbOg, SbOJ. Of the antimonates the potassa and ammonia salts are 
almost the only ones soluble in water : acids precipitate hydrate of 
antimonic acid from the solutions, chloride of sodium throws down from 
them antimonate of soda (§ 90, 2). 

4. The greater part of the salts of tsboxide of antimony are de- 
oomposed upon ignition ; the haloid salts volatilize readily and unaltered. 
The soluble neutral salts of antimony redden litmus-paper. With a large 
quantity of water they give insoluble basic salts and acid solutions con- 
taining teroxide of antimony. Thus, for instance, water throwB down 
from solutions of terchloride of antimony in hydrochloric acid a white 
bulky precipitate of basic terchloride of antimony (powder of Al- 
garoth), SbCl^ 5SbO,, which after some time becomes heavy and crys- 
talline. Tartaric acid dissolves this precipitate readily, and therefore 

K 2 



132 TEROXIDB OP ANTIMONY. 

prevents its formation if mixed vith the solution previously to the addi- 
tion of the water, it is by this property that the basic terchloride of 
antimony is distinguished from the basic salts of bismuth formevL under 
similar circumstances. 

5. Hydrosutphwric acid precipitates from acid solutions of teroxide 
of antimony (if the quantity of free mineral acid present is not too 
large), the whole of the metal as orange-red amorphoses tersulphide of 
ANTIMONY (Sb SJ. In alkaline solutions this reagent fails to produce a 
precipitate or, at leasts it precipitates them (mly imperfectly ; neutral 
solutions also are only imperfectly thrown down by it. The tersulphide 
of antimony produced is readily dissolved by potassa and by alkaline 
sulphides, especially if the latter contain an excess of sulphur ; it is but 
sparingly soluble in ammonia, and, if free from pentasulphide of anti- 
mony, almost insoluble in bicarbonate of ammonia. It is insoluble in 
dilute acids, as also in acid sulphite of potassa. Concentrated boiling 
hydrochloric acid dissolves it^ with evolution of hydrosulphuric acid ga& 
By heating in the air it is converted into a mixture of antimonate of 
teroxide of antimony with tersulphide of antimony. By deflagration 
with nitirate of soda it gives sulphate and antimonate of soda. If a 
potassa solution of tersulphide of antimony is boiled with teroxide of 
bismuth tersulphide of bismuth precipitates^ and teroxide of antimony 
dissolved in potassa remains in the solution. On fusing tersulphide of 
antimony with cyanide of potassium metallic antimony and sulphocyanide 
of potaaeium are produced. If the operation is conducted in a small 
tube expanded into a btdb at the lower end, or in a stream of carbonic 
acid gas (see § 132, 12), up sublimate of antimooiy is produced. But ij[ 
a mixture of tersulphide of antimony with carbonate of soda or witE 
cyanide of potassium and carbonate of soda is heated in a glass tub< 
streai|i of hydrogen gas (compare § 132, 4), a mirror of antim< 
deposited on the inner surface of the tube, immediately behind th< 
occupied by the mixture. 

From a solution of antimonic acid in hydrochloric acid sulphuretted 
hydrogen throws down pentasulphide of antimony (SbS^), which dissolves 
readily when heated with solution of soda or ammonia, and equally so in 
concentrated boiling hydrochloric acid, with evolution of hydrosulphuric 
acid gas and separation of sulphur, but dissolves only very sparingly in 
cold bicarbonate of ammonia. 

6. Sulphide of ammonium produces in solutions of teroxide of anti- 
mony an orange-red precipitate of tersulphide op antimony, which 
readily redissolves in an excess of the precipitant if the latter contains 
an excess of sulphur. Acids throw down from this solution pentasulphide 
of antimony (SbSJ. However, the orange color appears in that case 
usually of a lighter tint, owing to an admixture of free sulphur. 

7. Fotasaa, aoda^ ammonia^ carbonate of soda and co/rbonate of am- 
mania throw down from solutions of terchloride of antimony, and also of 
simple salts of teroxide of antimony — but far less completely, and mostly 
only afber some time, from solutions of tartar emetic or analogous com- 
pounds — a white bulky preo^itate of teroxide op antimony, which 
redifisolves pretty readily in an excess of potassa or soda, but requires 
the application of heat for its re-solution in carbonate of potassa, and is 
altogether insoluble in ammonia. 

8. Metallic zinc precipitates from all solutions of teroxide of anti- 
mony, if they contain no &ee nitric acid, metallic antimony as a black 
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powder. If a few drops of a solution of antioKJ^y, containing some 
free hydrochloric acid, are put into a platinum dish (the lid of a 
platinum crucible), and a fhigment of zinc is introduced, hydrogen 
is evolved and antimony separates, staining the part of the platioum 
ooTered by the liquid brown or black, even in the case ^*Vj8ry dilute 
solutions : this new reaction I can therefore recommend as being equally 
delicate and characteristic. Cold hydrochloric acid fails to remove the 
atain, heating with nitric acid removes it immediately. 

9. If a solution of teroxide of antimony in solution of potassa or 
soda is mixed with solution of nitrate of silver, a deep black precipitate 
of SUBOXIDE OF siLTEB fonns along with the grayish-brown precipitate 
of oxide of silver. Upon now adding ammonia in excess the oxide Ls 
redissolved, whilst the suboxide is left undissolved {H, Eose), The 
formation of the suboxide of silver in this process is explained as 
follows : K O, Sb 0, + 4 Ag = K O, Sb O, 4- 2 Ag^O. This exceedingly 
delicate reaction affords more especially also an excellent means of 
detecting teroxide of antimony in presenc^iof antimonic acid. 

10. If a solution of teroxide of antimony is introduced into a flask 
in which hydrogen gas is being evolved from pure zinc and dilute sul- 
phwric add the ^nc oxidizes not only at the expense of the oxygen of 
the water, but also at the expense of that of the teroxide of antimony, 
and antimony separates accordiugly in the metallic state ; but a portion 
of the metal combines in the moment of its separation with the libe- 
rated hydrogen of the water, forming antihonetted hydrogen gas 
(SbH,). If this operation is conducted in a gas-evolution flask, con- 
nected by means of a perforated cork with the limb of a bent tube of 
which the other limb ends in a finely drawn-out point; pinched off at , 
the top,* and the hydrogen passing through the ftH^ierture of the 
tabe is ignited after the atmospheric air is complet<fl^Bled, the flame 
appears of a bluish-green tint, which is imparted wf^tf the antimony 
separating in a state of intense ignition upon the decomposition of the 
antimonetted hydrogen ; white fumes of teroxide of antimony rise from 
the flame^ which condense readily upon cold substances, atid are not 
dissolved by water. But if a cold body, such as a porcelain dish (which 
answers the purpose best), is now depressed upon the flame, meialuo 
ANTIMONY is deposited upon the surface in a state of the most minute 
division, forming a deep black and almost lusti^lessspot. If the middle 
part of the tube through which the gas is passing is heated to redness 
the bluish-green tint of the flame decreases in intensity, and a metallic 
mirror of antimony of silvery lustre is formed within the tube on both 
udes of the heated V^^ 

As the acids of inl^nic eive under, the same circumstances similar 
stains of metallic arsenic, it is always necessary to carefully examine the 
spots produced, in-order to ascertain whether they really consist of 
antimony or qq0&au any of that metal. With stains deposited on a 
porcelain dish' ^e object in view ^ most readily attained by treating 
them with absolution of chloride of soda (a compound of hypochlorite 
of soda wiffih chloride of sodium, prepared by mixing a solution of chlo- 
ride of lime with carbonate of so^ in excess, and Altering) ', which will 
immedia^rf^Missolve arsenical l^ins, leaving those proceeding from 
antimony untouched, or, at least, removing them only after a very pro- 

* la accurate experiments it is advisable to use Marsh's apparatus (§ 132, 10). 
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tracted action. A mirror within the glass tube, on the other hand, may 
be tested by heating it whilst the current of hydrogen gas still continues 
to pass through the tube : if Uie mirror volatilizes only at a higher 
temperature, and the hydrogen gas then issuing from the tubes does not 
smell of gn*li0 ; if it is only with a strong current that the ignited gas 
deposits spots on porcelain, and the mirror before volatilizing fuses to 
small lustrous globules distinctly discernible through a magnifying glass, 
— the presence of antimony may be considered certain. Or the metals 
may be identified by conducting through the tube a very dow stream of 
dry hydroBulphuric acid gas, and heating the mirror, by means of a 
spirit-lamp, proceeding from the outer to the inner border, and aecord- 
ingly in an opposite direction to that of the gSLseous current. The 
antimonial mirror is by this means converted into tersulphide of anti- 
mony, which appears of a more or less reddish-yellow color, and almost 
black when in thick layers. If a feeble stream of dry hydrochloric 
acid gas is now transmitted through the glass tube, the tersulphide of 
antimony, if present in tbin-layers only, diss^pears immediately ; if the 
incrustation is somewhat thicker it takes a short time to dissipate it. 
The reason for this is, that the tersulphide of antimony decomposes 
wadily with hydrochloric acid, and the terchloride of antimony formed 
is exceedingly volatile in a stream of hydrochloric acid gas. If the 
gaseous current is now conducted into some water thd presence of anti- 
mony in the latter fluid may readily be proved by means of hydrosul- 
phuric acid. By this combination of reactions antimony may be 
distinguished with positive certainty from all other metals. The reac- 
tion which hydrogen gas containing antimonetted hydrogen shows with 
solution of nitrate of silver will be found in § 134, 6. 

11. If a mi9|||j||Rof a compound of antimony with carbonate of 9oda 
and cycmide oj^^^tium is exposed on a charcoal support to the reducing 
flame of the oml^f^ brittle globules of metallic aittimony are pro- 
duced, which may be readily recognised by the peculiar reactions that 
mark their oxidation (compare § 131, 1). 

§132. 

JL Absenious Acid (AsO,). 

1. Metallic ABSENio^has a blackish-gray color and high metallic 
lustre, which it retains in dry air, but loses in moist air, becomii^ 
covered with suboxide ; the metallic arsenic of commerce looks there- 
fore rather dull, with a dim bronze lustre on the planes of crystallization. 
Arsenic is not very hard,but very brittle : at a dull red heat it volatilizes 
without fusion. The fumes have a most characteristic odor of garlic, 
which proceeds from the suboxide of arsenic formed. Heated with free 
access of air arsenic burns — at an intense heat with a bluish flame-^ 
emitting white fumes of arsenious acid, which condeni^ on cold bodies. 
If arsenlo is heated in a glass tube sealed at the lower end the greater 
part of it Tolatilizes unoxidized, and recondenses above the heated spot 
as a lustrous black sublimate (arsenical mirror) ; a very thin coating of 
the sublimate api>ears of a brownish-black color. In contact with air 
and water arsenic oxidizes slowly to arsenious acid. Weak nitric acid 
converts it^ with the aid of heat, into arsenious acid, which dissolves only 
sparingly in an excess of the acid ; strong nitric acid converts it par- 
tially into arsenic acid. It is insoluble in hydrochloric acid and dilate 
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snlpbnric acid; concentrated boiling sulphuric acid oxidizes it to 
arBenious acid, with evolution of sulphurous acid. 

2. Absenious acid generally presents the appearance either of a trans- 
parent vitreous or of a white porcelain-like mass. By trituration it 
gives a heavy, white, gritty powder. When heated it volatilizes in white 
inodorous fumes. If the operation is conducted in a glass tube a subli- 
mate is obtained consisting of small brilliant octahedrons and tetrahe- 
drons. Arsenious acid is only difficultly moistened by water ; it com- 
ports itself in this respect like a £iitty substance. It is sparingly soluble 
in cold, but more reiB.dily in hot water. It is copiously dissolved by 
hydrochloric acid, as well as by solution of soda and potassa. Upon 
boiling with nitrohydrochloric acid it dissolves to arsenic acid. It is 
highly poisonoua 

3. The ABSENiTES are mostly decomposed upon ignitK)n either into 
araraiates and metallic arsenic, which volatilizes, or into arsenious add 
and the base with which it was combined. Of the arsenites those only 
with alkaline bases are soluble in water. The insoluble arsenites are 
dissolved, or at least decomposed, by hydrochloric acid. Anhydrous 
terchloride of arsenic (As CI,) is a colorless volatile liquid, fuming in the 
air, which will bear the addition of a little water, but is decomposed by 
a larger amount into arsenious acid, which partly separates, and hydro- 
chloric acid, which retains the rest of the arsenious add in solution. If 
a solution of arsenious acid in hydrochloric acid is evaporated by heat, 
chloride of arsenic escapes along with the hydrochloric acid. 

4. Hydroaulphwric acid colors aqueous solutions of arsenious acid 
yellow, but produces no precipitate in them ; it £iils equally to precipi- 
tate aqueous solutions of neutral arsenites of the alkalies; but upon 
addition of a stronger acid a bright yellow precipitate of tersulphibe 
OF ABSENio (As 8,) forms at onca The same precipitate forms in like 
manner in the hydrochloric acid solution of arsenites insoluble in wat«r. 
Even a large excess of hydrochloric acid does not prevent complete pre- 
cipitation. Alkaline solutions are not precipitated. The precipitate is 
readily and completely dissolved by pure alkalies, alkaline carbonates 
and bicarbonates, and also by alkaline sulphides ; but it is nearly inso- 
luble in hydrochloric acid, even though concentrated and boiling. Boiling 
nitric add decomposes and dissolves the precipitate readily. 

If recently precipitated tersulphide of arsenic is digested with sul- 
phurous acid and acid sulphite of potassa the precipitate is dissolved ; 
upon heating the solution to boiling the fluid turns turbid, owing to the 
separation of sulphur, which upon continued boiling is for the greater 
part redissolved. The fluid contains, after expulsion of the sulphurous 
acid, arsenite and hyposulphite of potassa: 2 AsS3+8(KO^ S0,) = 2 
(KO, AsO.) + 6 (KO, S,0,) + S, + 7 SO, (Bunsen). 

The deflagration of tei'sulphide of arsenic with carbonat-e of soda and 
nitrate of soda gives rise to the formation of arsenate and sulphate of 
soda. If a solution of tersulphide of arsenic in potassa is boiled with 
hydrated carbonate or basic nitrate of teroxide of bismuth tersulphide of 
bismuth and arsenite of potassa are produced. 

If a mixture of tersulphide of arsenic with from 3 to 4 parts of car- 
bonate of soda, made into a paste with some water, is spread over small 
glass splinters, and these, after being well dried, are rapidly heated to 
redness in a glass tube through which dry hydrogen gas is transmitted, 
a large portion of the arsenic present is reduced to the metallic state and 
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expelled if the temperature applied is sufficiently high. Part of the 
reduced arsenic forms a metallic mirror on the inner surface of the tube, 
'k, the remainder is carried away suspended in the hydrogen gas ; the 

minute particles of arsenic impart a bluish tint to the flame when the 
gas is kindled, and form stains of arsenic upon the surface of a porcelain 
dish depressed upon the flame. The fusion of the mixture of tersulphide 
of arsenic with carbonate of soda flrst gives rise to the formation of a 
double tersulphide of arsenic and sulphide of sodium, and of arsenite of 
soda (2 AsS, + 4 NaO, CO, = 3 NaS, AsS, + NaO, AsO, + 40 O,). 
Upon heating these products the arsenite of soda is resolved into arsenic 
and arsenate of soda (5 AsO, -2 As + 3 AsO,), and the tersulphid^ of 
arsenic and sulphide of sodium into arsenic and pentasulphide of arsenic 
and sulphide of sodium (5 AsS, = 2 As + 3 AsS,) ; and by the action of 
the hydrogen the arsenate of soda is also converted into hydrate of soda, 
cirsenic, and water. The whole of the arsenic is accordingly expelled, 
except that portion of the metal which constitutes a component part of 
the double pentasulphide of arsenic and sulphide of sodium formed in 
the process, a sulphur salt which is not decomposed by hydrogen 
(H. Hose). 

This method of reduction gives indeed very accurate results, but it 
does not enable us to distinguish arsenic from antimony with a sufficient 
degree of certainty, nor to detect the one in presence of the other. 
(Compare § 131, 5.) 

The operation is conducted in the apparatus illustrated by 




^ 



Fig. 26. 

a is the evolution flask, h a tube containing chloride of calcium, c the 
tube in which, at the point d, the glass splinter with the mixture of 
tersulphide of arsenic and carbonate of soda is placed ; this tube is made 
of difficultly fusible glass free from lead. When the apparatus is com- 
pletely fllleti with pure hydrogen gas d is exposed to a very gentle heat 
at first, in order to expel all the moisture which may still be present, 
and then suddenly to a very intense heat^* to prevent the sublimation 
of undecomposed tersulphide of arsenic. The metallic mirror is deposited 
near the point e, — Another method of effecting the reduction of ter- 
sulphide of arsenic to the metallic state, which combines with the very 
highest degree of delicacy the advantage of precluding the possibility of 

* The flame of the gas'lamp with chimney, or of the blowpipe, answers the purpose 
best 
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• 

confounding arsenio with antimony^ will be found described in litimber 
12 of this §. 

6, Sulphide of ammonmm also canses the formation of tebsulphzde 
OF ABSENic. In neutral and alkaline solutions, however, the t^rsulphide 
formed does not precipitate, but remains dissolved as a double sul|jhide 
of arsenic and ammonium (tersulphide of arsenic and sulphide of ammo- 
nium). From this solution it precipitates immediately upon the addition 
of a free acid. * « 

6. Nitrate of silver leaves aqueous solutions of arsenious acid perfectly 
clear, or at least produces only a trifling yellowish-white turbidity in 
them ; but if a.litde ammonia is added a yellow precipitate of arsenite 
OP SILVER (3 AgO, AsOj) separates. The same precipitate forms of 
course immediately upon the addition of nitrate of silver to the solution 
of a neutral arsenite. The precipitate dissolves readily in nitric acid as 
weU as in ammonia, and is not insoluble in nitrate of ammonia ; if ther^ 
fore a nmall quantity of the precipitate is dissolved in a large amount of 
nitric acid, and the latter is afterwards neutralized with ammonia, the 
precipitate does not make its appearance again, as it remains dissolved in 
the nitrate of ammonia formed. 

7. Svlphaie of copper produces under the same circumstances as the 
nitrate of silver a yellowish-green precipitate of arsenite op copper. 

8. If to a solution of arsenious acid in an excess of concentrated solu- 
tion of soda or potassa, or to a solution of an alkaline arsenite mixed with 
caustic potassa or soda, a few drops of a dilute solution of sulphate of 
copper are added, a clear blue fluid is obtained, which upon ])oiling de- 
posits a red precipitate of suboxide op copper, leaving arsenate of potassa 
in solution. This reaction is exceedingly delicate, provided not too much 
of the solution of sulphate of copper be used. Even should the red pre- 
cipitate of suboxide of copper be so exceedingly minute as to escape 
detection by transmitted light, yet it will always be discernible with 
great distinctness upon looking in at the top of the test-tube. Of course 
this reaction, although really of great importance in certain instances as 
a confirmatory proof of the presence of arsenious acid, and more particu- 
larly also as a means of distinguishing that acid from arsenic acid, is 
yet entirely inapplicable for the direct detection of arsenic, since grape 
sugar and other organic substances also produce suboxide of copper from 
salts of oxide of copper in the same manner. 

9. If a solution of arsenious acid mixed with hydrochloric acid is 
heated with a perfectly clean slip of copper or copper wire^ an iron- 
gray film of metallic arsenic is deposited on the copper, even in 
highly dilute solutions ; when this film increases in thickness it peels off 
in black scales. If the coated copper, after washing off the free acid, 
is heated with solution of ammonia the film peels off from the copper, 
and separates in form of minute spangles (Reinsch). Let it be borne in 
mind that^ese are not pure arsenic, but consist of an arsenide op 
COPPER i^^^d^' If the substanee, either simply dried or oxidized by 
isnition inj^fflrrent of air (which is attended with escape of some arse- 
nious acid),^isneated, there escapes relatively but little arsenic, alloys 
richer in copper being left behind (Fresenius, Lippert). It is only after 
the presence of arsenic in the alfoys has been fully demonstrated that this 
reaction can be considered a decisive proof of the presence of that metal, 
as antimony and pther metals will under the same circumstances also 
precipitate in a similar manner upon copper. 
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10. If an acid or neutral solution of araenions acid or aay of ite com- 
pOTmds IB mixed 'with ^ne, water, and dilute eidphtm/c acid ausenetted 
HTDROOBN (AbH,) is formed, in the same manner aa compounds of 
antimooy give ouder analogous circumBtoDCes antimonetted hydrogen. 
(Compare § 131, 10.) This reaction aSbrds us a moet delicate t«at for 
the detection of even the most minute quantities of arsenic. 

The operation is conducted in the apparatus illustrated by Fig. 37, or 
in one of similar construction.* a is the evolution flask, 6 a bulb in- 
tended to receive the vater carried along with the gaseous current, c a tube 
filled with cotton and small lumps of chloride of calcium for drying the gas. 
This tube is connected with b and d by india-rubber tubes which have 
been boiled in solntion of soda ; d should have an inner diameter of 7 
nullimetree (see Fig. 28), and must be made of difGoultly fusible glass 
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free from lead. In experiments requiring great accuracy the tube should 

be drawn out as shown in Fig. 27. The operation is now commenced 

by evolving in a a moderate and uniform current of bydro- 

Ogen gas, from pure granulated zino and pure Bnlphuric acid 
diluted with 3 parts of water. Addition of a few drops of 
bichloride of platinum will be found usefuL When the evolu- 
_ tion of hydrogen has proceeded for some time, so that it may 

^' ' safely be concluded the air has been completely expelled &om 
the apparatus, the gas is kindled at the open end of the 
tube d. It is advisable to wrap a piece of cloth round the flask before 
kindling the gas, to guard against accidents in case of ao explosion. It 
is now absolutely necessary first to ascertain whether the zinc and the 
snlphuric acid are quite free from any admixture of arsenic. This ia 
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done by depressing a porcelain dish horizontally upon the flame to make 
it spread over the surface : if the hydrogen contains arsenetted hydrogen 
brownish or brownish-black stains of arsenic will appear on the porce- 
lain ; the non-appearance of such stains may be considered as a proof of 
the &«edom of the zinc and sulphuric acid from arsenia In very accu- 
rate experiments, however, additional evidence is required to ensure the 
positiTe certainty of the purity of the reagents employed ; for this purpose 
the part of the tube d shown in Fig. 27 over the flame is heated to red- 
ness with a Berzelvua or gas-lamp, and kept some time in a state of 
ignition : if no arsenical coating makes its appearance in the narrowed 
part of the tube the agents employed may be pronounced free from 
anenic, and the operation proceeded with, by pouring the fluid to be 
tested for arsenic through the funnel tube into the flask, and afterwards 
some water to rinse the tube. Only a very little of the fluid ought to 
be poured in at flrst, as in cases where the quantity of arsenic present is 
considerable, and a somewhat large supply of the fluid is poured into 
the flask, the evolution of gas often proceeds with such violence as to 
atop the further progress of the experiment. 

Now if the fluid contains an oxygen compound of arsenic or arsenic 
in combination with a salt radical, there is immediately evolved, along 
with the hydrogen, arsenetted hydrogen, which at once imparts a bluish 
tint to the flame of the kindled gas, owing to the combustion of the 
particles of arsenic separating from the arsenetted hydrogen in pass- 
ing through the flame. At the same time white fumes of arsenious 
acid arise, which condense upon cold objects. If a porcelain plate is now 
depressed upon the flame the separated and not yet reoxidized arsenic 
condenses upon the plate in black 'stains, in a very similar manner to 
antimony. (See § 131, 10.) The stains formed by arsenic incline how- 
ever more to a blackish- brown tint, and show a bright metallic lustre ; 
whilst the antimonial stains are of a deep black color and but feebly 
lustrous. The arsenical stains may be distinguished moreover from the 
antimonial stains by solution of chloride of soda — ^hypochlorite of soda 
with chloride of sodium — (compare § 131, 10), which will at once dissolve 
arsenical stains, leaving antimonial stains unaflected, or removing them 
only afber a considerable time. 

If the heat of a Berzdivs or gas-lamp is now applied to the part of 
the tube d shown in Fig. 27 over the flame, a brilliant arsenical mirror 
makes its appearance in the narrowed portion of the tube behind the 
heated part ; this mirror is of a darker and less silvery-white hue than 
that produced by antimony under similar circumstances ; from which it 
is moreover distinguished by the facility with which it may be dissipated 
in a current of hydrogen gas without previous fusion, and by the charac- 
teristic odor of garlic emitted by the escaping (unkindled) gas. If the 
gas is kindled whilst the mirror in the tube is being heated the flame 
will, even with a very slight current of gas, deposit arsenical stains on a 
porcelain plate. 

The reactions and properties just described are amply sufficient to 
enable us to distinguish between arsenical and antimonial stains and 
mirrors ; but they will often fail to detect arsenic with positive certainty 
in presence of antimony. In cases of this kind the following process 
will serve to set at rest all possible doubt as to the presence or absence 
of arsenic : — 

Heat the long tube through which the arsenetted hydrogen passes to 
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redness in seyeral parts, to produce distinct metallic mirrors ; then 
traiismit through the tube a very weak stream of dry hydrosulphuiic 
acid gas, and heat the metallic mirrors with a common spirit-lamp, 
proceeding from the outer towards the inner border. If arsenic alone 
is present yellow tersulphide of arsenic is formed inside the tube ; if 
antimony alone is present an orange-red or black tersulphide of anti- 
mony is produced ; and if the mirror consisted of both metals the two 
sulphides appear side by side, the sulphide of arsenic as the more yolatUe 
lying invariably before the sulphide of antimony. If you now transmit 
through the tube containing the sulphide of arsenic or the sulphide of 
antimony, or both sulphides together, dry hydrochloric gas, without 
applying heat, no alteration will take place if sulphide of arsenic alone is 
present, even though the gas be transmitted through the tube for a con- 
siderable time. If sulphide of antimony alone is present this will 
entirely disappear, as eJready stated, § 131, 10, and if both sulphides 
are present the sulphide of antimony will immediately volatilize, whilst 
the yellow sulphide of arsenic will remain. If a small quantity of am- 
monia is now drawn into the tube the sulphide of arsenic is dissolved^ 
and may thus be readily distinguished from sulphur which may have 
separated. My personal experience has convinced me of the infallibilitj 
of these combined tests for the detection of arsenic. 

The reaction of hydrogen containing arsenetted hydrogen with solu- 
tion of nitrate of silver will be found in § 134, 6. 

Ma/rsh was the first who suggested the method of detecting arsenic bj 
the production of arsenetted hydrogen. 

11. If a small lump of arsenious acid (a) be introduced into the pointed 
end of a drawn-out glass tube (Fig. 29), a fragment of quite recently 
burnt charcoal (() pushed down the tube to within a short distance of 
the arsenious acid, and first the charcoal then the arsenious acid heated 
to redness by the flame of a spirit-lamp, a mibbob of metallic 
ARSENIC will form at c, owing to the reduction of the arsenious acid 
vapor by the red-hot charcoal If the tube be now cut between h and c 
and then heated in an inclined position, with the cut end c turned 
upwards, the metallic mirror will volatilize, emitting the characteristic 
odor of garlic. This is both the simplest and safest way of detecting 
pure arsenious acid. 




Fig. 29* 

12. If arsenites, or arsenious acid, or tersulphide of arsenic are fused 
together with a mixture of equal parts of dry carbonate of soda and 
C7/anide of potassium the whole of the arsenic is reduced to the metallic 
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state^ and so is the base also, if easily reducible ; the eliminated 
oxygen converts part of the cyanide of potassium iato cyanate of potassa. 
In the reduction of tersulphide of arsenid sulphocyanide of potassium is 
formed. The operation is conducted as follows : — ^introduce the perfectly 
dry arsenical compound into the bulb of a small bulb- tube (Fig. 30), and 
cover it with six times the quantity of a perfectly dry mixture of equal 
pai*ts of carbonate of soda and of cyanide of potassium. The whole quan- 
tity must not much more than half-fill the bulb, otherwise the fusing 
cyanide of potassium is likely to ascend into the tube. Heat the bulb 
now gently with a gas or spirit-lamp ; should some water still escape 
upon gently heating the mixture wipe the inside of the tube perfectly 
dry with a twisted slip of paper. It is of the highest importance for 
the success of the experiment to bestow great care upon expelling the 
water, drying the mixture, and wiping the tube clean and dry. Apply 
now a strong heat to the bulb, to effect the reduction of the arsenical 
compound, and continue this for some time, as the arsenic often requires 




Fig. 30. 

some time for its complete sublimation. The mirror which is deposited 
at 6 is of exceeding purity. It is obtained from all arsenites whose 
bases remain either altogether iinaffected, or are reduced to such metallic 
arsenides as lose their arsenic partly or totally upon the simple applica- 
tion of heat. This method deserves to be particularly recommended on 
account of its simplicity and neatness, as well as for the accuracy of 
the results attainable by it, even in cases where only very minute 
quantities of arsenic are present. It is more especially adapted for the 
direct production of arsenic from tersulphide of arsenic, and is in this 
respect superior in simplicity and accuracy to all other methods hitherto 
suggested. The delicacy of the reaction may be very much heightened 
by heating the mixture in a stream of dry carbonic acid gas. A series 
of experiments made by i)r. V, Baho and myself has shown that the 
most accurate and satisfactory results are obtained in the following 
manner : — 

Figs. 31 and 32 show the apparatus in which the process is con- 
ducted. 

^ is a capacious flask intended for the evolution of carbonic acid ; it 
18 half-filled with water and lumps of solid limestone or marble (not 
chalk, as this would not give a constant stream of gas). ^ b a smaller 
flask containing concentrated sulphuric acid. The flask A is closed 
with a double-perforated cork, into one aperture of which is inserted 
a funnel-tube (a), which reaches nearly to the bottom of the flask ; 
into the other perforation is fitted a tube (6), which serves to conduct 
the evolved gas into the sulphuric acid in B^ where it is thoroughly 
freed from moisture. The tube c conducts the dried gas into the 
redaction-tube (7, of which Fig. 32 gives a representation on the scale 
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of ODe-third of the actual length. The tnhea which I employ for 
the purpose in my own ezperimenta have an inner diftmeter of eight 
miUimetre& 



Kg. 31. 

When the appar&taa is fully prepared for use triturate the perfectly 
dry sulphide of arsenio or arsenite in a slightly heated mortar vfiib 
about twelve parts of a well-dried mixture consiating of three parts of 
carbonate of soda and one part of cyanide of potassium. Put the 
powder upon a narrow slip of card-paper bent into the shape of a 
gutter, and push this into the reduction-tube down to e ; turn the tube 
now half-way round its axis, which will cause the mixtore to drop into 
the tube between e and d, every other part remaimng perfectly clean. 
Connect the tube now with the gas-evolution apparatus, and evolve a 
moderate stream of carbonic acid, by pouring some hydrochloric acid 
into the flask A. Heat the tube C in its whole length very gently with 
a spirit-lamp until the mixture in it is quite dry j when every ^ce of 
water is expelled, and the gas stream has become so slow that the single 
bubbles pass through the sulphuric acid in if at intervals of one second, 
heat the reduction-tube C, to redness at o (Fig. 33), by means of a spirit 



Fig. 32. 

or gas lamp ; when e is red-hot, apply the flame of a gas or a larger 
spirit tamp to the mixture, proceeding from dto e, until the whole of 
the arsenic is expelled. The fer greater portion of the volatilized arsenio 
reoondensea at h, whilst a smali portion only escapes through i, imparting 
to the surrounding air the peculiar odor of garlic. Advance the flame 
of the second lamp slowly and gradually up to c, by which means the 
whole of the arsenic which may have condensed in the wide part of the 
tube is driven to A. When you have effected this, close the tub© at the 
point t by fusion, and apply heat, proceeding from i towards h, by which 



ASSSNIC ACID. 143 

means tlie extent of the mirror is narrowed, whilst its beauty and 
Instre are correspondingly increased. In this manner perfectly distinct 
mirrors of arsenic may be produced from as little as the ^^h part 
of a grain of tersulphide of arsenic. No mirrors are obtained by this 
process from tersulphide of antimony, nor from any other compound of 
antimony. 

13. If arsenious acid or one of its compounds is exposed on a 
charcoal support to the reducing flcmie of the hhwpi^ a highly charac- 
teristic garHc odor is emitted, more especially if some carbonate of 
soda is added to the examined sample. This odor has its origin in 
the reduction and re-oxidation of the arsenic, and enables us to detect 
very minute quantities. Hiis test, however, like all others that are 
based upon the mere indications of the sense of smell, cannot be impli- 
citly reHed on* 

§ 133. 
6. AsssNiG Acid (AsOJ. 

1. Absenio A<nD is a transparent or white mass, which gradually 
deliquesces in the air, and dissolves slowly but copiously in water. It 
fuses at a gentle red heat without sufiering deoomposition ; but at a 
highor temperature it is resolved into oxygen and arsenious acid, which 
volatilizes. It is highly poisonous. 

2. Most of the absenatcs are insoluble in water. Of the so-called 
neutnd arsenates those with alkaline bases alone are soluble in water. 
Most of the neutral and basic arsenates can bear a strong red heat 
without suffering decomposition. The acid arsenates lose their excess 
of acid upon ignition, the free add beiug resolved into arsenious acid 
and oxygen. 

3. Hyd^osvlphwric add fails to precipitate alkaline and neutral solu- 
tions of arsenates; but in acidified solutions it causes first reduction of 
the arsenic acid to arsenious acid, with separation of sulphur, then preci- 
pitation of tersulphide of arsenia This process continues until the 
whole of the arsenic is thrown down as AsSg, mixed with 2 S (Wao- 
KENBODER, LuDWiG, H. Boss:). The action never takes place imme- 
diately, and in dilute solutions frequently only after the lapse of a 
eonsiderable time (twelve to twenty-£^r hours, for iostance). Heating 
(to about 158° F.) greatly accelerates the action. If a solution of arsenic 
add, or of an arsenate, is mixed with sulphurous acid, or with sulphite 
of soda and some hydrochloric acid, the sulphurous acid is converted into 
sulphuric acid, and the arsenic acid reduced to arsenious acid ; applica- 
tion of heat promotes the change. If hydrosulphuric acid is now added 
the whole of the arsenic is immediately thrown down as tersulphide. 

4. Sulphide of ammoniwm, converts the arsenic acid in neutral and 
alkaline solutions of arsenates into pentasulphide of arsenic, which 
remains in solution as ammonio-pentasulphide of arsenic (penttoulphide 
of arsenic and sulphide of ammonium). Upon the addition of an acid 
to the solution this double sulphide is decomposed, and pentasulphide of 
arsenic precipitates. The separation of this precipitate proceeds more 
rapidly than is the case when acid solutions of arsenates are precipitated 
with hydrosulphuric acid. It is promoted by heat. The precipitate 
formed is AsS,, instead of consisting of a mixture of AsS, with S,, 
as in precipitation with hydrosulphuric acid. 

5. Nitrate of silver produces under the circumstances stated § 132, 6, 
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a highly charactenRtic reddish-brown precipitate of absekate op silveb 
(3 AgO, AsOj), which is readily soluble in dilute nitric acid and in 
ammonia, and dissolves also slightly in nitrate of ammonia. Accord- 
ingly, if a little of the precipitate is dissolved in a large proportion 
of nitric acid, neutralization with ammonia often fails to reproduce the 
precipitate. 

6. Sidphate of copper produces under the circumstances stated § 132, 
7, a greenish-blue precipitate of absenate of coppeb (2 Cu O, H O, 
AsOj. 

7. If a solution of arsenic acid mixed with some hydrochloric acid is 
heated with a clean slip of copper the metal remains perfectly clean 
(Wertheb, Beinsoh) ; but if to one volume of the solution two volumes 
of concentrated hydrochloric acid are added, a gray film is deposited on 
the copper, the same as with arsenious acid. The reaction is under these 
circumstances equally delicate with arsenic acid as with arsenious add 
(Eeinsch). 

8. With zinc in presence of sulphuric acid, with cyanide of potassium, 
and before the hloiopipe, the compounds of arsenic acid comport them- 
selves in the same way as those of arsenious acid. If the reduction of • 
arsenic acid by zinc is effected in a platinum dish the platinum does 
not turn black, as is the case in the reduction of antimony by zinc 

(§ 131, 8). 

9. If a solution of arsenic acid, or of an arsenate soluble in water, 
is added to a clear mixture of sulphate of nuignesiaf chloride of ammo^ 
nium, and a sufficient quantity of ammonia^ a crystalline precipitate of 
absenate op ammonia and magnesia (2 MgQ, NH^, O, AsOj+ 12 aq) 
separates ; from concentrated solutions immediately, from dilute solu- 
tions after some time. If a small portion of the precipitate is dissolved 
on a watch-glass in a drop of nitric acid, a little nitrate of silver added, 
and the solution touched with a glass rod dipped in ammonia, brownish- 
red arsenate of silver is formed (difference between arsenate and phosphate 
of magnesia and ammonia). 

§ 134. 

Recapitulation cmd remarks, — I will here describe first the different 
ways best adapted to effect the detection or separation of tin, antimony, 
and arsenic, when present together in the same compound or mixture, 
and afterwards the most reliable means of distinguishing between the 
several oxides of each of the three metals. 

1. If you have a mixture of sulphide of tin, sulphide of antimony, 
and sulphide of arsenic, triturate 1 part of it, together with 1 part of 
dry carbonate of soda and 1 part of nitrate of soda, • and transfer the 
mixed powder gradually to a small porcelain crucible containing 2 parts 
of nitrate of soda kept in a state of fusion at a not over-strong heat ; 
oxidatioif of the sulphides ensues, attended with slight deflagration. 
The fused mass contains binoxide of tin, arsenate and antimonate of 
soda, with sulphate, carbonate, nitrate, and nitrite of soda. You must 
take care not to raise the heat to such a degree, nor continue the fusion 
so long, as to lead to a reduction of the nitrite of soda to the caustic 
state,, that there may not be formed stannate of soda soluble in water. 
Upon treating the mass with a little cold water binoxide of tin and 
antimonate of soda remain undissolved, whilst arsenate of soda and the 
other salts are dissolved. If the filtrate is acidified with nitric acid, and 
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lieat k applied to remove carbonic acid and nitrous acid, the arsenic acid 
may be detected and separated, either with nitrate of silver, according 
to § 133, 5, or with a mixture of sulphate of magnesia, chloride of am- 
monium, and ammonia, according to § 133, 9. 

If the undissolved residue, consisting of binoxide of tin and antimo- 
nate of soda, is, after being washed once with cold water and three 
times with dilute spirits of wine, treated with some hydrochloric 
acid in the lid of a platinum crucible, and a gentle heat applied, 
the mass is either completely dissolved or, if the tin is present in a large 
proportion, a white residue is left undissolved. If, regardless of the 
presence of this latter, a frngment of zinc is added, the compounds are 
reduced to the metallic state, when the antimony will at once reveal its 
presence by blackening the platinum. If, after the evolution of hydrogen 
has nearly stopped, the remainder of the zinc is taken away, and the 
contents of the lid are heated with some hydrochloric acid, the tin 
dissolves the protochloride, whilst the antimony is left undissolved in 
the form of black flakes. The tin may then be more distinctly tested in 
the solution, wit^ chloride of mercury, or with a mixture of sesqui- 
chloride of iron and ferricyanide of potassium, and the antimony, 
after solution in a little aqua regia, with hydrosulphuric acid. As this 
method of detecting arsenic, tin, and antimony in presence of each 
other, forms one of the processes in the systematic course of 
analysis, I have here simply explained the principle upon which it is 
based, and refer for the details of the process to the first section of 
PartIL 

2. If the mixed sulphides, after being freed from the greater part 
of the adhering water, by laying the filter containing them on 
blotting paper, are treated with fuming hydrochloric abid, with applica^ 
tion of a gentle heat, the sulphides of antimony and tin dissolve, whilst 
the sulphide of arsenic is left almost completely undissolved. By 
treating this with ammonia, and evaporating the solution obtained, with 
addition of a small quantity of carbonate of soda, an arsenical mirror may 
easily be produced from the residue, by means of cyanide of potas- 
sium and carbonate of soda in a stream of carbonic acid gas (§ 132, 12). 
The solution, which contains the tin and the antimony, may be treated 
as stated in 1. 

If a great excess of antimony is present the solution may also be mixed 
with sesquicarbonate of ammonia in excess, and the mixture boiled ; when 
a large proportion of the antimony will dissolve, leaving binoxide of tin 
behind, mixed with but little teroxide of antimony; in which undissolved 
residue the tin may now be the more readUy detected by the method 
described in 1 (Bloxam). 

3. If the mixed sulphides are digested at a gentle heat with some 
common solid carbonate of ammonia and water sulphide of arsenic dis- 
solves, whilBt the sulphides of antimony and tin remain undissolved. 
Bui even this separation is not quite absolute, as traces of sulphide of 
antimony are apt to pass into the solution, whilst some sulphide of 
arsenic remains in the residue. The sulphide of arsenic precipitating 
from thealkaline solution upon acidifying this latter with hydrochloric acid 
must therefore, especially if consisting only of a few flakes, after washing, 
be treated with ammonia, the solution evaporated, with addition of a 
small quantity of carbonate of soda, and the residue fused with cyanide 
of potassium in a stream of carbonic acid, to make quite sure by the pro- 
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dnction of an arsenical mirror. The residue, insoluble in carbonate of 
ammonia, should be treated as directed in 2. 

4. If sulphide of antimony, sulphide of tin, and sulphide of arsenic are 
dissolved in sulphide of potassium, a la/rge excess of a concentrated solu- 
tion of sulphurous acid added, the mixture digested for some time 
on the water-bath, boiled until all sulphurous acid is expelled, then 
filtered, the filtrate contains all the arsenic as arsenious acid (which 
may be precipitated from it by hydrosulphuric acid), whilst tersulphide 
of antimony and bisulphide of tin are left behind undissolved (Bunsen). 
These latter may then be treated as directed in 2. 

*5. In the analysis of alloys, binoxide of tin, teroxide of antimony, and 
arsenic acid are often obtained together as a residue insoluble in nitric 
acid. The best way is to fuse this residue with hydrate, of soda in a 
silver crucible, to treat the mass with water, and add one-third (by 
volume) of spirit of wine ; then to filter the fluid off from the antimonate 
of soda, which remains undissolved, and wash the latter with spirit of 
wine mixed with a few drops of solution of carbonate of soda. The 
filtrate is acidified with hydrochloric acid, and the tin and arsenic are 
then precipitated as sulphides, with the aid of heat. On heating the 
precipitated sulphides in a stream of hydrosulphuric acid gas the whole of 
the tin is left as sulphide, whilst the sulphide of arsenic volatilizes, and 
may be received in solution of ammonia (H. Hose). 

6. For the most accurate way of separating antimony and arsenic, and 
distinguishing between the two metals, viz., by treating with hydro- 
sulphuric acid the mirror produced by Marsh's method, and separating 
the resulting sulphides by means of hydrochloric acid gas, I refer to § 132, 
10. Antimony and arsenic may, however, when mixed together in form 
of hydrogen compounds, be separated also in the following way : Conduct 
the gases mixed with an excess of hydrogen, first through a tube contain- 
ing glass splinters moistened with solution of acetate of lead, to retain the 
hydrochloric and hydrosulphuric gas, then in a slow stream into a solu- 
tion of nitrate of silver. All the antimony in the gas falls down as 
black antimpnide of silver (Ag^Sb), whilst the arsenic passes into the 
solution as arsenious acid, with reduction of the silver, and may be de- 
tected in the fluid as arsenite of sillier, by cautious addition of ammonia, 
or — after precipitating the excess of silver by hydrochloric acid — by means 
of hydrosulphuric acid. In the precipitated antimonide of silver, which 
is often mixed with much silver, the antimony may be most readily 
detected, by heating the precipitate — thoroughly freed from arsenious 
acid by boHing with water — with tartaric acid and water to boiling. 
This will dissolve the antimony alone, which may then be^ readily detected 
by means of hydrosulphuric acid in the solution acidified with hydro- 
chloric acid (A. W. Hofmann). 

7. Protoxide and binoxide of tin may be detected and identified in 
presence of each other, by testing one portion of the solution containing 
both oxides, for the protoxide with chloride of mercury, terchloride of 
gold or a mixture of ferricyanide of potassium and sesquichloride of iron, 
and another portion for the binoxide, by pouring it into a concentrated 
hot solution of sulphate of soda. 

8. Teroxide of cmtimony in presence of amiimonic acid may be 
identified by the reaction described in § 131, 9. Antimanic acid 
in presence of teroxide of ardimony, by heating the teroxide suspected 
to contain an admixture of the acid, but without any other ad- 
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mixinre, with hydrocliloric acid and iodide of potassium (§ 131, 
2 and 3). 

9. Arsenums add and a/raenic add in the same sohition may be distin- 
gaiahed by means of nitrate of silver. If the precipitate contains little 
arsenate and much arsenite of silver it is necessary, in order to identify 
the former, to add cautiously and drop by drop most highly dilute nitric 
acid, which dissolves the yellow arsenite of silver first. 

A still safer way to detect small quantities of arsenic acid in presence 
of arsenious acid is to precipitate the solution which contains the two 
acids, with a mixture of sulphate of magnesia, chloride of ammonium, 
and ammonia (§ 133, 9), by which means an actual separation of the two 
acids is also effected. The immediate precipitation of arsenic acid from 
an acidified solution by hydrosulphuric acid unaided by the application 
of heat affords also a ready means of distinguishing between the two 
adds, as this reaction differs considerably in the case of arsenious acid. 
Arsenious acid in presence of arsenic acid may also be identified by the 
reduction of oxide of copper effected by its agency in alkaline solutions. 
To ascertain the degree of sulphuration of a sulphide of arsenic in a 
Bolphur salt, boil the alkaline solution of the salt under examination with 
hydrate of teroxide of bismuth, filter off from the tersulphide of bismuth 
formed, and test the filtrate for arsenious and arsenic acids. To distin- 
guish between the ter- and pentasulphide of arsenic, extract first the 
sulphur which may be present by means of sulphide of carbon, then dis- 
solve the residue in ammonia, add nitrate of silver in excess, filter off the 
sulphide of silver, and observe whether arsenite or arsenate of silver is 
formed upon addition of ammonia. 

Special Beactions of the rarer Oxides of the Sixth Qrowp, 

§135. 

a. Oxide of Iridium (IrO,). 

Ibtdium is found in combination with platinum and other metals in platinum ores, 
also, and more especially, as a native alloy of osmium and iridium. Alloyed with 
platinum, it has of late been employed for crucibles, &c. Iridium resembles pla- 
QDum, but is brittle ; it fuses with extreme difficulty. In the compact state, oc 
reduced at a red heat by hydrogen, it dissolves in no acid, not even in aqua regia 
(difference between iridium and gold and platinum) ; reduced in the moist way, say 
by formic acid, or largely alloyed with platinum, it dissolves in aqua regia to bichloride 
(Ir CI,). Add tulphUe of potoMa in a state of fusion will oxidize, but not dissolve it 
(difference between iridium and rhodium). It oxidizes by fusion with hydrate of soda, 
with access of air, or by fusion with nitrate of soda. The compound of sesquioxide of 
iridium (Ir, O,) with soda, which is formed in this process, dissolves partially in water ; 
by heating with aqua regia it gives a deep-black solution of bichloride of iridium and 
ebloride of sodium. 

If iridium in powder is mixed with chloride of sodium, the mixture heated to insi- 
pient redness, and treated with chlorvM gaSy sodio-bichloride of iridium is formed, 
which dissolves in water to a deep reddish-brown fluid. Potaasa, added in excess, 
decolorizes the solution, alittle brownish-black potassio-bichloride of iridium precipi- 
tating at the same time. If the solution is heated, and exposed some time to the air, 
it acquires at first a reddish tint, which changes afberwards to azure blue (characteristic 
difference between iridium and platinum) ; if the solution is now evaporatisd to dryness, 
and the residue treated with water, a colorless fluid is obtained, with a blue deposit 
left undissolved. HydrostUphuric acid in the first place decolorizes solutions of bi- 
ehloride of iridium, protochloride is formed, with separation of sulphur, and finally brown 
sulphide of iridium precipitates. Sulphide of ammonium produces the same preci- 
pitate, which redissolves readily in an excess of the precipitant. Chloride of ammonium 
precipitates fi*om more concentrated solutions ammonio-bichloride of iridium in form of 
» blsbckiflh-red powder consisting of microscopic octahedrons. FrotodUoride ({f tin 

L J 
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produces a light-brown precipitate. Sulphate of protoxide of iron decolorizm, but 
fails to precipitate solutions of bichloride of iridium ; zinc precipitates black iridium. 

MoLTBiUENUK is Dot largely disBemioated in nature, and is found only in moderate 
quantities, more especially as sulphide of molybdenuip and as moljbdate of lead (yellow 
lead ore). Since tne use of molybdate of ammonia as a means of detecting and deter* 
mining phosphoric acid, molybdenum has acquired greater importance for practical 
chemistry. Moltbdbnum is siWery white ; it fusee with yery great difficulty. The 
PROTOXIDE of the metal (MoO) is black, the BinoxiDS (MoO,> dark brown. By 
heating in the air, or treating with nitric acid, the metal and thf two oxides are con- 
verted into MOLTBDio AOiD (Mo 0.). Molybdic acid is a white porous mass, which 
in water separates as fine scales ; it fbses at a red-heat ; in close vessels it volatilizes 
only at> a very high temperature, in the air easily at a red- heat, subliming to 
transparent laminss and needles. The non-ignited acid dissolves in acids. The solu- 
tions are colorless ; in pontaot with 2»»c or tin they first turn blue, then green, and 
ultipiately black, with separation of protoxide of molybdenum; by digesuon with 
copper the sulphuric acid solution acquires a blue, the hydrochloric acid solution a brown 
tint. The reaction often takes place only after some time. Fcrrocycmide of potoMium 
produces a reddish'brown precipitate, infution of galls a green precipitate, ffydroml* 
pkwric acidf added in small propartion, imparts a blue tint to solutions of molybdic 
Dcid ; added in larger proportion it produces a brownish-black precipitate ; the fluid 
over the latter at first appears green. But after being allowed to stand for some time, 
and heated, additional quantities of faydrosulphuric acid being repeatedly conducted 
into it, the whole of the molybdenum present will ultimately though slowly separate 
as black tersulphide of molybdenum (Mo S,). The precipitated tersulphide of molyb* 
denum dissolves in sulphides of the alkali metals ; acids reprecipitate from the sulphur 
salts the sulphur acid (Mo S^). Application of heat promotes the separation. By 
heating to redness in the air, or by beating with nitric add, sulphide of molybdenum 
is converted into molybdic acid. 

Molybdic acid dissolves readily in solutions of pwre alkalUs and eairhomUtt: of ths 
alkalies; from concentrated solutions nitric acid or hydrochloric add throwf 
down molybdic acid, which redissolves upon further addition of the precipitant. The 
solutions of molybdates of the alkalies are colored yellow by hydrosulphuric acid, and 
give afterwards, upon addition of acids, a brownish-Mack precipitote. For the deport- 
ment of molybdic acid with phosphoric acid and ammonia, see § 142, 10. 

If a fragment of zinc is put into a hydrochloric acid solution of molybdic acid, and a 
few drops of solution of svlphocyanide of potassium are added, and as much hydrochloric 
or sulphuric acid as will sufiice to bring on a slight evolution of hydrogen, the fluid 
acquires a carmine-red tint, which, however, is not very persistent (0. D. Bbaun). 

Molybdic acid volatilizes when heated on charcoal in the oxidufimg Jkime, coating 
the oharcoatl with a yellow, oft^i crystalline, powder, which turns white on cooling. 
In the reducing fiame the acid suffers reduction to the metallic state, the molybdenum 
is obtained as a gray powder by washing the charcoal support. Sulphide of molyb« 
denum gives in the oxidizing flame sulphurous acid and an incrustation of molybdio 
aeid on the charcoal support. 

c. Oxides of Wolfbamium ob Tunostbit. 

WoiiFRAMiUMor tungsten metal is not widely disseminated in nature^and is found only 
in very moderate quantity. It occurs most frequently as tungstate of lime and in the 
mineral looj/ram, which is a double tungstate of protoxide of iron and protoxide of 
manganese. Tungsten, or wolfbamium, obtained by the reduction of tungstic acid in 
a stream of hydrogen gas at an intense red heat, is an iron-gray powder, which fuses 
with extreme difficulty, and is converted by ignition in the air into tungstic acid (WO,), 
by iffnition in a stream of chlorine gas into a sublimate of red bichloride of tungsten 
(W 01,). The latter in contact with water gives first hydrochloric acid and binoxide 
of tungsten (W 0,), which, however, oxidizes subsequently in the air to blue oxide 
(WO, WO,). Tungsten is insoluble in acids, even in aqua regia, and also in solutions 
of potassa ; it diss^ves, however, in solution of potassa mixed with hypochlorite of 
alkali. Binoxide of tungsten is black ; by intense ignition with free access of air 
it is converted into tungstic acid. Tungstic acid is lemon-yellow, fixed, insoluble 
in water and in acids. By fusing tungstic acid with acid sulphate of potassa, and 
treating the fused mass with water, an acid solution is obtained, which contains no 
tungstic acid. After the removal of this solution, the residue, consisting of tungstate 
of ]K>tassa, dissolves. Tongstates of the alkalies, soluble in water, are formed readily 
by fusion, with carbonated alkalies, with difficulty by boiling with solutions of 
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alkalies. Hydrochloric add, nitric acid, and svlphv/ric acid produce in the solution of 
tbew tungstates white precipitates, which are insoluble in an excess of the acids 
(difference from molybdie acid), but soluble hi ammonia. Upon evaporatitig with an 
excess of hydrochloric acid to dryness, and treating the residue with water, the tung- 
stic acid is left undissolved. OfUoride of barium^ chloride of calcium, nitrate 
of silver, nitrate of suboxide of mercury produce white precipitates. Perrocyanide of 
potaasium, with addition of some acid, colors the ffuid deep broWnish-red, and aftet* 
some time produces a precipitate of the same color. Tinctvre of galls, with a littleJ 
acid added, produces a brown precipitate, ffydrosidphuric acid barely precipitates 
acid solutions. Sulphide of ammoniu/m fails to precipitate solutions of tungstates of 
alkalies ; upon acidifying the mixture light-brown tersulphide of tungsten (W S,) pre- 
dpitates, which is slightly soluble in pure water, but insoluble in water containin«> 
salts. Protochloride of tin produces a yellow precipitate ; on acidifying with hydro- 
chloric a(rid, and applying heat, this precipitate acquires a beautiful blue color ^highly 
delicate and characteristic reaction). If solutions of tungstates of alkalies are mixed 
with hydrochloric acid, or, better still, with an excess of phosphoric acid, and zinc is 
added, the fluid acquires a beautiful blue color. Phosphate of soda and ammowia 
dissolves tangstic acid. The bead, exposed to the oxidizing flame, appears clear, 
Varying from colorless to yellowish ; in the reducing flame it acquires a pure blue 
color, and upon addition of sulphate of protoxide of iron a blood'red color. By mixing 
with a little carbonate of soda, and exposing in the cavity of the charcoal support to 
the reducing flame, tungsten in powder is obtained, which may be washed off the 
eharccnl. The tungstates which are insoluble in water may, most of them, be decom- 
posed by digestion with acids. The mineral Wolfram, which strongly resists the 
action of acid, is fused with carbonated alkali, when water will di8£K>lve out of the 
fosed mass the tungstate of alkali formed. 

d. Oxides or Tellubium. 

TELLTntimt is not widely disseminated, and is found in small quantities j only in the 
native state, or alloyed with other nietals, or as tellcs'ous acid. It is a white brittle, 
but readily fusible metal, which may be sublinijsd in a glass tube. Heated in the air 
it bums with a greenish-blue flame, emitting thick white fumes of tellurous acid. 
Tellurium is insoluble in hydrochloric acid, but dissolves readily in nitric acid to 
tellurous acid (Te 0^. Tellurium in powder dissolves in cold concentrated sulphuric 
acid to a purple-colored fluid, from which it separates again upon addition of water.^ 
Tklldbous acid is white ; at a gentle red heat it fuses to a yellow fluid ; it is vola- 
tilized by strong ignition in the air, forming no crystailine sublimate. The anhydrous 
acid dissolves readily in hydrochloric acid, sparingly in nitric acid, freely in solution of 
potassa, slowly in ammonia, barely in water. The hydrate of tellurous acid is white ; 
it is perceptibly soluble in cold water, and dissolves in hydrochloric acid and in nitric 
acid. By addition of water white hydrate is thrown down from the solution, and f^oni 
the nitric acid solution nearly the whole of the tellurous acid separates after some time 
as a crystalltne precipitate, even without addition of water. Pure alkalies and car- 
hmatea of the alkaUes throw dowii from the hydrochloric acid solution white hydrate, 
which is soluble in an excess of the precipitant. Hydromlphwrio €usid produces in 
acid solutions a brown precipitate (Te S^ (in color like protosulphide of tin), which 
(fissolves very freely in sulphide of ammonluni. Sulphite of soda, protochloride of tin, 
and 2»fi6 precipitate black metallic tellurium. Tellobio Aon> (Te O^ is formed by 
fiising tellurium or tellurites with nitrates and carbonates of the alkalies. The fused 
mass is soluble in water. The solution remains clear upon acidifying with hydrochloric 
add in the cold ; but upon boiling chlorine is disengaged, and tellurous acid formed, 
and the solution is tberefcnie now precipitated by water if the excess of acid is not too 
great. If tellurium, its sulphide, or an oxygen componnd of the metal is fused with 
egainde ofpotttssium in a stream of b} drogcm, a double cyanide of tellurium and potas- 
sinm is formed. The fused mass dissolves in water, but a current of air throws down 
from the solution the whole of the tellurium (dififtsrence and means of separating tellu- 
rium from selenium). By fusion of tellurous or telluric acid with ctirboiiale of potassU 
and charcoal, telluride of potassium is formed, which with acids evolves stinking tellu- 
retted bydroeen gas. Upon exposing telltiriura eem pounds mixed with carbonate of 
loda to the inner bUwpipe flame, reduction, volatilization, and reoxidaiion take place, 
aad the charcoal support becomes accordingly covered with white tellurous acid. 

e. Oxides of Seleniuk* 

Selehiitic is a rare substance; it occurs in nature in the form of selenides of metals* 
1% m foimd ocoaaioDally in. the dust of roasting- furnaces, and also in the Nord- 
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hausen oil of vitriol. It resembles sulpbur in some respects, tellurium in others, and. 
stands thus on the border between the metals and the non- metallic elements. Fused 
Belenium is grayish-black; it volatilizes at a higher temperature, and may be sublimed. 
Heated in the air it bums to selenious acid (Se O,), exhaling a characteristic smell of 
decaying horse-radish. Concentrated sulphuric acid dissolves selenium without oxi- 
dizing it ; upon diluting the solution the selenium falls down in red flakes. Nitric 
acid and aqua regia dissolve selenium to sbleitious aoid. Sublimed anhydrous 
selenious acid appears in form of white four^ sided needles, its hydrate in fonu of 
crystals resembling those of nitrate of potassa. Both the acid and its hydrate dis- 
solve readily in water to a strongly acid fluid. Of the neutral salts only those 
with the alkalies are soluble in water ; the solutions have alkaline reactions. All 
selenites dissolve readily in nitric acid, with the exception of the selenites of lead 
and silver, which dissolve with difficulty. Hydro9ulphv/nc acid produces in solu- 
tions Qf selenious acid or of selenites (in presence of free hydrochloric acid) a 
yellow precipitate of sulphide of selenium (?) which, upon heating, turns reddish- 
yellow, and is soluble in sulphide of ammonium. CMoride of barium produces 
(after neutralization of the free acid, should any be present) a white precipitate 
of adenite of baryta^ which is soluble in hydrochloric acid and in nitric acid. 
Protochloride of tin or »ulphibroti8 acid, with addition of hydrochloric acid, produces 
a red precipitate of selenium, which turns gray at a high temperature. Sblenio 
ACID is formed by heating selenium or its compounds with carbonates and nitrates of 
the alkalies. The fused mass dissolves in water ; the solution remains clear upon 
acidifying with hydrochloric acid ; when concentrated by boiling, it evolves chlorine, 
whilst the selenic acid is reduced to selenious acid. By fusing selenium or its compounds 
with cyanide of potassium in a stream of hydrogen gas, a double cyanide of selenium 
and potassium is obtained, from which the selenium is not eliminated by the action of the 
air (as is the case with tellurium) ; it separates, however, upon long- continued boiling, 
after addition of hydrochloric acid. When exposed on a charcoal support to the reducing 
flame, the selenites evolve selenium, exhaling at the same time a most characteristic 
odor of decaying horse-radish, which unmistakeably betrays their presence. 

B. — Eeactions or Deportment of the Acids and their Eadicaxs 

WITH Reagents. 

§ 136. 

The reagents which serve for the detection of the acids are divided, 
like those used for the detection of the bases, into general reagents, 
Le,, such as indicate the group to which the acid under examination 
belongs ; and special reagents, t.e., such as serve to effect the detection 
and identification of the individual acids. The groups into which we 
classify the various acids can scarcely be defined and limited with the 
same degree of precision as those into which the bases are divided. 

The two principal groups into which acids are divided are those of 
inorganic and organic acids. We base this division upon those cha- 
racteristics by which, irrespectively of theoretical considerations, the 
ends of analysis are most easily attained. We select therefore here, as 
the characteristic mark to guide us in the classification into organic and 
inorganic acids, the deportment which the various acids manifest at a 
high temperature, and call organic those acids of which the salts — (par- 
ticularly those which have an alkali or an alkaline earth for base) — are 
decomposed upon ignition, the decomposition being attended with sepa- 
ration of carbon. 

By selecting this deportment at a high temperature as the distinctive 
characteristic of organic acids, we are enabled to determine at once by a 
most simple preliminary experiment the class to which an acid belongs. 
The salts of organic acids with alkalies or alkaline earths are converted 
into carbonates when heated to redness. 

Before proceeding to the special study of the several acids considered 
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in this work, I give here, the same as I have done with the bases, a 
general view of the whole of them classified in groups. 

CLASSIFICATION OF ACIDS IN GROUPS. 

I Inoboanic Acids. 

FiBST group: 

Division a. Chromic cicid (sulphurous and hyposulphurous acids, iodic 
acid). 

Division b, Stdphuric cudd (hydrofluosilicic acid). 

Division c Phosphoric acid, horacic add, oxalic a/sid, hyd/rojbwric 
acid (phosphorous acid). 

Division d. Carbonic add, sUidc add, 
second group: 

CUorine and hydrochloric add; bromine and hydrohrondc add ; iodine 
and hydriodic add; cya/nogen and hydrocya/nic add, 
together with hyd/rof&rro- and hydroferricyanic a^dds ; 
sulphur and hydrosidphimc add (nitrous acid, hypochlo- 
rous acid, chlorous acid, hjpophosphorous acid). 
THIRD group: 

Nitric add, chloric add (perchloric acid). 

II. Organic Acids. 

FIRST group: 
Oxalic add, ta/rta/ric add, citric add, malic acid (racemic acid). 

SECOND group: 
Succinic add, benzoic add, 

THIRD GROUP : 

Ac^ic acid, formic add (propionic acid, butyric acid, lactic acid). 

The acids printed in italics are more frequently met with in the exami- 
nation of minerals, waters^ ashes of plants, industrial products, medi- 
cines, &c, ; the others are more rarely met witL 

L Inorganic Acids. 

§ 137. 

First Group, 

Acids which are precipitated from Neutral Solutions bt 

Chloride of Barium. 

This group is again subdivided into four divisions, viz. : 
1. Acids which are decomposed in acid solution by hydrosulphuric acid, 
and to which attention has therefore been directed already in the 
testing for bases, viz., chromic acid (sulphurous acid and hyposul- 
phurous acid, the latter because it is decomposed and detected by the 
mere addition of hydrochloric acid to the solution of one of its salts ; 
and also iodic acid).* 

* To this first divisioii of the first group of inorganic acids belong properly also all 
the oxygen compounds of a distinctly pronounced acid character, which have been 
discussed already with the Sixth Group of the metallic oxides (acids of arsenic, antimony, 
selenium, &c.). But as the reaction of these compounds with hydrosulphuric acid 
tends to lead to confounding them rather with other metallic oxides than with other 
acids, it appeared the safer course to class these compounds, which may be said to 
stand between the bases and the acids, with the metallic oxides. 
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2. Acids which are not decomposed in acid solation by hydrosnlphnrie 
acid, and the baryta compounds of which are insoluble in hydrochloric 
acid : sulphuric aoid (hjdrofluosilicic acid). 

3. Acids which are not decomposed in acid solution by hydrosulphuric 
acid, and the baryta compounds of which dissolve in hydrochloric 
acid, apparently without decomposition, inasmuch as the acids cannot 
be completely separated from the hydrochloric acid solution by heating 
or evaporation ; these are phosphobic acid, boracic acid, oxalic 
ACID, HYDROFLUORIC ACID (phospborous acid). (Oxalic acid belongs 
more properly to the organic group. We consider it, however, here 
with the acids of the inorganic class, as the property of its salts to be 
decomposed upon ignition without actual carbonization may lead to 
its being overlooked as an organic acid.) 

4. Acids which are not decom])osed in acid solution by hydrosulphuric 
acid, and the baryta salts of which are soluble in hydrochloric acid 
WITH decomposition (separation of the acid) : carbonic acid, silicic 

AdD. 

First Divisiom of tlie Fvrst Group of the Inargcmic Acids. 

§ 138. 
Chromic Acid (CrO,). 

1. Chromic acid appears as a scarlet-red crystalline mass, or in the 
form of distinct acicular crystals. Upon ignition it is resolved into 
sesquioxide of chromium and oxygen. It deliquesces rapidly upon ex- 
posure to the air. It dissolves in water, imparting to the fluid a deep 
reddish-brown tint, which remains still visible in veiy dilute solutions. 

2. The CHROMATJBS are all red or yellow, and for the most part 
insoluble in water. Part of them are decomposed upon ignition ; those 
with alkaline bases are fixed, and are soluble in water ; the solutions of 
the neutral alkaline chromates are yellow, those of the alkaline bichro* 
mates are reddish-brown. These tints are still visible in highlv dilute 
solutions. The yellow color of the solution of a neutral salt changes to 
reddish-brown on the addition of a mineral acid, owing to the formation 
of an acid chromate. 

3. Hydrosulphuric add acting upon the acidified solution of a chro- 
mate produces first a brownish coloration of the fluid, then a green 
coloration, arising from the salt of sesquioxide of chromium formed; 
this change of color is attended with separation of sulphur, which 
imparts a milky appearance to the fluid (KG, 2 CrO,+ 4 S0,+ 3 HS~ 
KO, SO, + Cr,0,, 3 SO3 + 3 HO + 3 S). Heat promotes this reaction, 
part of the sulphur being in that case converted into snlphnric acid. 

4. Chi'omic acid may also be reduced to sesquioxide of chromium by 
means of many other substances, and more particularly by s%dphuroiL8 
aeidy or by heating with hydrocJdoric acidy especially upon the addition 
of alcohol (in which case chloiide of etbyle and aldehyde are evolved) ; 
also by metallic zinc, or by heating with tartaric Oicid, oxalic acldt ^c- 
All these reactions are clearly characterized by the change of the red or 
yellow color of the solution to the green tint of the salt of sesquioxide 
of chromium. 

5. Chloride of ha/riwm, produces in aqueous solutions of chromates a 
yellowish-white precipitate of chromate of baryta (BaO, CrOJ, 
which is soluble in dilute hydroohloric acid and nitric acid. 
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6. Nitrate of silver prodtices in aqueous solutions of chromates a 
dark purple-red precipitate of chromate op silver (AgO, CrOg), which 
iB soluble in nitric acid atid in ammonia; in slightly acid solutions it 
produces a precipitate of bichbomate op silyeb (AgO, 2 CrOJ. 

7. Acetate of lead produces in an aqueous or acetic acid solution of a 
chromate a yellow preci|>itat6 of chromate op lead (PbO, CrO,), 
which is soluble in potassa, but only sparingly soluble in dilate nitric 
acid. Upon heating with alkalies the yellow neutral salt is converted 
into basic red chromate of lead (2 PbO, Or. O,). 

8. If a very dilute acid solution of peroxide of hydrogen* (about 6 or 
8 cubic centimetres) is covered with a layer of ether (about half a 
centimetre thick), and a fluid containing chromic acid is added, the solu- 
tion of peroxide of hydrogen acquires. a flue blue color. By inverting 
the test-tube, closed with the thumb, repeatedly, without much shaking, 
the solution becomes colorless, whilst the ether acquires a blue color. 
The latter reaction is particularly characteristic. One part of chromate 
of pota8.sa in 40,000 parts of water suffices to produce it distinctly 
(Storer) ; presence of vanadic acid materially impairs the delicacy of 
the test (Webthbb) — compare § 113, &. The blue coloration is in all 
probability caused, not by perchromic acid (the existence of which is 
altogether doubtful), but by a combination of -chromic acid with peroxide 
of hydrogen. After some time reduction of the chrqpiic acid to sesqui* 
oxide of chromium takes place, and at the same time decoloration of 
the ether. 

9. If insoluble chromates are fused together with carbonate of soda and 
nUrcUe of soda, and the fused mass is treated with water, the fluid obtained 
appears yellow from the alkaline chromate which it holds in solution ; 
n])0D the addition of an acid the yellow colour changes to reddish-brown. 
The oxides are left either in the pure state or as carbonates, unless they 
are soluble in the caustic soda formed from the nitrate. 

10. The compounds of chromic acid show the same reactions with 
phaspJuUe of soda and ammonia and with borax in the blowpipe flame, aa 
the compounds of nesquioxide of chromium. 

11. Very minute quantities of chromic acid may be detected by 
mixing with the fluid, slightly acidified with sulphuric acid, a little 
tincture of gvmacum (1 part of the resin to 100 parts of alcohol of 60 
per cent), when an intense blue coloration of the fluid will at once 
make its appearance, speedily vanishing again, however, where mere traV^es 
of chromic acid are present (H. Sgiuff). 



Chromic acid being reduced by hydrosalphuric acid to sesquioxide of 
chromium, this acid is in the course of analysis always found already in 
the examination for bases. The intense color of the solutions containing 
chromic acid, the excellent reaction with peroxide of hydrogen, and the 
characteristic precipitates produced by solutions of salts of lead and salts 
of silver, afford moreover ready means for its detection. 

* Solation of peroxide of bydrogcD may be easily prepared by triturating a frag- 
ment of peroxide of barium (about the size of a pea) with some water, and adding 
it with stirring to a mixture of about 30 cubic centimetres of hydrochloric acid, 
and 120 cubic centimetres of water. The solution keeps a long time without sufifering 
decomposition. In default of peroxide of barium, impure peroxide of sodium may be 
used instead, which is obtained by heating a fragment of sodium in a small porcelain 
dish until ii takes fire, and letting it burn. 
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Rarer Acids of the Firtt Divieion of the FirU Group. 

§ 189. 

a. Sulphurous Aoid (SO,) 

SuLPHUBOUS ACID ifl a colorlesB, uninflammable gas, which exhales the stifling odor 
of burning sulphur. It dlBsolves copiously in water. The solution has the odor of 
the gas, reddens litmus-paper, and bleaches Brazil-wood paper. It absorbs oxygen 
from the air, and is thereby converted into salphuric acid. The salts of sulphurous 
acid are colorless. Of the neutral sulphites those with alkaline base only are readily 
soluble in water ; many of the sulphites insoluble or sparingly soluble in water 
dissolve in an aqueous solution of .sulphurous acid, but fall down again upon boiling; 
All the sulphides evolve sulphurous acid when treated with stdphtbric acid or hydro- 
chloric acid. Chlorine loater dissolves most sulphites to sulphates. Chloride of 
harivm precipitates neutral sulphites, but not free sulphurous acid. The precipitate 
dissolves in hydrochloric acid. HydrostUphuric acid decomposes free sulphurous acid, 
water and pentathionic acid being formed and free sulphur eliminated, which latter 
separates from the fluid. If a trace of sulphurous acid or of a sulphite is introduced 
into a flask in which hydrogen is being evolved from zinc and hydrochloric acidf hydro- 
sulphuric acid is immediately evolved along with the hydrogen,' and the gas now 
produces a black coloration or a black precipitate in a solution of acetate of lead to 
which has been added a sufficient quantity of solution of soda to redissolve the preci- 
pitate which forms at first. Sulphurous acid is a powerful reducing agent ; it reduces 
chromic acid, permanganic acid, chloride of mercury (to subchloride), decolorizes 
iodide of starch, produces a blue precipitate in a mixture of ferricyanide of potassium 
and sesquichloride of iron, &c. * With a hydrochloric acid solution of protocJUoride of 
tvfb a brown precipitate of fbotosulphidb of tin is formed after some time. If aa 
aqueous solution of an alkaline sulphite is mixed with acetic acid just to give it an 
incipient acid reaction, and is then added to a relatively large amount of solution of 
sulphate of zinc, mixed with a very small quantity of nitroprusside of sodium, the 
fluid acquires a red color if the quantity of the sulphite present is not too inconsider- 
able, but when the quantity of the sulphite is very minute the coloration makes its 
appearance only after addition of some solution of ferrocyanide of potassium. If the 
quantities are not altogether too minute, a purple-red precipitate will form at onqe 
upon the addition of the ferrocyanide of potassium (Bodbebb). Hyposulphites of tlie 
alkalies do not show this reaction. 

6. Htposulphubous Acid (SjO,). 

This acid does not exist in the free state. Most of its salts are soluble in water. 
The solutions of most hyposulphites may be boiled without suffering .decomposition ; 
hyposulphite of lime is resolved upon boiling into sulphite of lime and sulphur. If 
hydrochloric acid or sulphiMric acid is added to the solution of a hyposulphite, the fluid 
remains at first dear and inodorous, but after a short time — ^the shorter the more 
concentrated the solution — ^it becomes more and more turbid, owing to the separation 
of sulphur, and exhales the odor of sulphurous acid. Application of heat promotes 
this decomposition. Nitrate of silver produces a white precipitate of htposulphitb 
OF silveb, which is soluble in an excess of the hyposulphite ; after a little while 
(upon heating almost immediately) this precipitate turns black, being decomposed 
into sulphide of silver and sulphuric acid. Hyposulphite of soda dissolves chloride of 
silver ; upon the addition of an acid the solution remains clear at first, but after some 
time, and immediately upon boiling, sulphide of silver separates. Chloride of bariiim 
produces a white precipitate, which is soluble in much water, more especially hot 
water, and is decomposed by hydrochloric acid. 

Where it is required to find sulphites and hyposulphites of the alkalies in presence of 
alkaline sulphides, as is often the case, solution of sulphate of zinc is first added to the 
fluid until the sulphide is decomposed ; the sulphide of zinc is then filtered off, and one 
part of the filtrate is tested for hyposulphurous acid by addition of acid, another 
portion for sulphurous acid with nitroprusside of potassium, &c. 

c. Iodic Acid (IOj). 

Iodic acid crystallizes in white, six-aded tables ; at a moderate heat it is resolved 
into iodine vapor and oxygen ; it is readily soluble in water. The salts are decom- 
posed upon ignition, being resolved either into oxygen and a metallic iodide, or into 
iodine, oxygen, and metallic oxide ; the iodates with an alkaline base alone dissolve 



SULPHTJEIC ACID. 155 

readily in water. Chloride of harivm throws down from solation of iodates of the 
alkalies a white precipitate of iodate of babyta, which is soluble in nitric acid ; 
niirate of diver a white granular- crystalline precipitate of iodate of silver, which 
dissolves readily in ammonia, but only sparingly in nitric acid, ffydromdphurie acid 
throws down from solutions of iodic acid iodine, which then dissolves in hydriodic 
acid ; the precipitation is attended with separation of sulphur. If an excess of hydro- 
snlphoric acid is added, the fluid loses its color, and a further separation of sulphur 
takes place, the iodiue being coaverted into hydriodic acid. Iodic acid combined with 
bases ia also decomposed by hydrosulphuric acid. Sidphuroits acid throws down 
lODiNB, which upon addition of an excess of the acid is converted into hydriodic 
add. 

Second Division of the First Gr<mp of the Iryorgomic Adds. 

§ 140. 
Sulphuric Acid (SO,); 

1. Anhjolrotis sulphuric acid is a white feathery-crystalUne mass, 
which emits strong fumes upon exposure to the air ; hjdrated sulphuric 
acid forms an oily liquid, colorless and transparent like water. Both the 
anhydrous and hjdrated acid char organic substances, and combine with 
vater in all proportions, the process of combination being attended with, 
considerable elevation of temperature, and in the case of the anhydrous 
acid with a hissing noise. 

2. The neutral sulphates are readily soluble in water with the exception 
of the sulphates of baryta, strontia, lime, and lead. The basic sulphates 
of the oxides of the heavy metals which are insoluble in water 
dissolve in hydrochloric acid or in nitric acid. Most of the sulphates 
are colorless or white. The stdphates of the alkalies are not decomposed 
by ignition. The other sulphates are acted upon in different ways by a 
red heat, some of them being readily decomposed, others with diJOficulty, 
and some resisting decomposition altogether. 

3. Chloride ofhwriwm, produces even in exceedingly dilute solutions of 
sulphuric acid and of the sulphates a finely-pulverulent, heavy, white 
precipitate of sulphate of baryta (Ba O, S O,), which is insoluble in 
dilate hydrochloric acid and nitric acid. From very dilute solutions 
the precipitate separates only after standing some time. Concentrated 
acids and concentrated solutions of many salts impair the delicacy of the 
reaction. 

4. Acetate of lead produces a heavy white precipitate of sulphate op 
LEAD (Pb O, S O,) which is sparingly soluble in dilute nitric acid, but 
dissolves completely in hot concentrated hydrochloric acid. 

5. The salts of sulphuric acid with the alkaline earths which are inso- 
luble in water and acids are converted into carbonates, by fusion with 
alkaline carbonates. But the sulphate of lead is reduced to the state of 
PURE 0XID7 when treated in this manner. Both the conversion of the 
former into carbonates and the reduction of the latter to the state of 
oxide are attended with the formation of an alkaline sulphate. The 
sulphates of the alkaline earths and sulphate of lead are tdso resolved 
into insoluble carbonates and soluble alkaline sulphate by digestion or 
boiling with concentrated solutions of carbonates of the alkalies (comp. 
§§ 95, 96, 97). 

6. Upon fusing sulphates with ca/rhonate of soda on charcoal in the 
inner flame of the blowpipe the sulphuric acid is reduced, and sulphide 
of sodium formed^ which may be readily recognised by the odor of hydro- 
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sulphuric acid emitted upon moistening the sample and the part of the 
charcoal into which the fused mass has penetrated, and adding some acid. 
If the fused mass is transferred to a clean silver plate, or a polished 
Bilvcr coin, and then moistened with water and some acid, a black stain 
of sulphide of silver is immediately formed. 

Remarks, — The characteristic and exceedingly delicate reaction of sul- 
phuric acid with salts of baryta renders the detection of this acid an 
easier task than that of almost any other. It is simply necessary to take 
care not to confound with sulphate of baryta precipitates of chloride of 
barium, and particularly of nitrate of baryta, which are formed upon 
mixing aqueous solutions of these salts with fluids containing a large 
proportion of free hydrochloric acid or free nitric acid. It is very easy 
to distinguish these precipitates from sulphate of baryta, since they re- 
dissolve immediately upon diluting the acid fluid with water. It is 
a rule that should never be departed from, in testing for sul- 
phuric acid with chloride of barium, to dilute the fluid largely ; a 
little hydrochloric acid should also be added, which counteracts the 
adverse influence of many salts, as, for instance, citrates of the alkalies* 
Where very minute quantities of sulphuric acid are to be detected the 
fluid should be allowed to sftand several hours at a gentle heat, the trace 
of sulphate of baryta formed will in that case be found deposited at the 
bottom of the vessel. When the least uncertainty exists about the nature 
of the precipitate produced by chloride of barium in f»resenoe of hydro- 
chloric acid, the reaction sub 6 will at oiiee set all doubt at rest. To 
detect free sulphuric acid in presence of a sulphate the fluid under 
examination is mixed with a very little cane^ngar, and the mixture 
evaporated to dryness in a porcelain dish at 212° Fah. If free sulphuric 
acid was present a black residue remains, or, in the case of most minute 
quantities, a blackish-green residue. Other free acids do not decompose 
cane-sugar in this way. 

' § 141. 

HtDHOFLOOSlLICIO AciD (HF, SlPj^). 

Hydrofluosilicic acid is a very acid fluid ; upon evaporation on platinum it volatilizes 
completely as fluoride of silicon and bydrofluorrc acid. When evaporated on glass it 
etches the latter. With basra it forms water and sitioo fluorides of tbe metals, whidi 
are most of them soluble in water, redden litmus-paper, and are resolved upon ignition 
into metallic fluorides and fluoride of silicon. 

Chloride of barium forms a crystalline precipitate with hydrofluosilicic acid (§ 95, 6). 
Chloride of strontium and acetate of lead form no precipitates with this acid ; ecUts of 
potassa precipitate transparent &blatinous silioofluobisb ov potassiuh ; am^ 
mania in excess precipitates htdKated silicic acid, with formation of fluoride of 
ammonium. By heating metallic silico fluorides with conci^ntrated avl'phu.rie acid 
dense fumes are emitted in the air, arising from the evolution of hydrofluoric and 
siiicofluoric gas. If the experiment is conducted in a platinum vessel covered with 
' glass tike fames xtch the glass (§ 146, 5) ; the resklutt contains the sulphatos foniMd, 

37i,ird Division of the Mrst Group of the Inorganic Adds. 

§ 142. 

a. Fhobphobio Acid (POJ. 

1. Phosphorus is a colorless, transparent, solid body, of 2 089^ specific 
gravity ; it has a waxy appearance. Taken interoally it acts as a rirulent 
poison. It fuses at 113^ and boils at 65 ^'^ Fah. By the influence of 
light phosphorus kept under water turns first yellow, then red, and is 
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finally eovered with a white crust If phosphorus is exposed to the 
air at the commoa temperature, it exhales a highly characteristic and 
most disagreeable odor, and is gradually entirely oxidized to phosphorous 
aeid ; this prooece is attended with the fortnation of dense fumes of 
nitrite of ammonia, and in the dark with strong phosphorescence. Phos- 
pborus very readily takes fire spontaneously, and burns with a luminous 
flame, being couYerted into phosphoric acid, which is dissipated for the 
most part in white fumes through the surrounding air. Nitric acid and 
nitrohydroohlorio acid disserve ^^ospfaorus pretty readily upon heating. 
The solutions contain at first, besides phosphoric acid, also phosphorous 
aoid. Hydrochloric acid does not dissolve phosphorus. If phosphoiiiB 
U boiled with solution of soda or potassa, or with milk of lime, hypo* 
phosphites and phosphates are formed, whilst spontaneously inflammable 
pkosphuretted bydroji^en gas esca^^es. If a substance containing unoxi- 
dized phosphorus is placed at the bottom of a flask, and a slip of paper 
moistened with sedation of nitrate of silver is by means of a cork loosely 
inserted into the mouth, suspended inside the flask, and a gentle 
heat applied (from 8 G"" to 104'' Fah.), the paper slip will turn black in 
ooQseqaenoe of the reducing aoticui of the iihosphorus fumes, even though 
only a most minute quantity of phosphorus should be present. If after 
the termination of the reaction the blackened part of the paper is boiled 
▼ith water, the uudeoomposed portion of the silver salt precipitated with 
hydrochloric acid, the fluid filtered, and the filtrate evaporated as &r as 
practicable on the water-bath, the presence of phosphoric acid in the 
residue may be shown by means of the reactions described in 2, &c. 
(J. Scuejubr). It must be borne in mind that the silver salt is blackened 
also by hydrosulphuric acid, formic acid, volatile products of putrefac- 
tion, ic, ; and also that the detection of phosphoric acid in the slip of 
paper can be of value only where the latter and the filtering paper were 
perfectly free from phosphorus. As regards the deportment of phos- 
phorus upon boiling with dilute sulphuric acid, and in a hydrogen gas 
evolution apparatus supplied with zinc and dilute sulphuric acid, see 
Part II. Seetion II., V., III. 

2, Anhjrdrous phosphobic AjQID is a white, snowlike mass, which 
rapidly deliquesces in the air, and dissolves in water with a hissing 
BoiM. It forms with water and bases three di^rent series of com- 
pounds : viz., with three equivalents of water or base hydrate of tribasio 
phosphoric acid or common phosphates; with two equitttlents of 
water or base hydrate of pyrophosphoric acid or pyrophosphates ; with 
one equivalent of water or base hydrate of metaphoaphoric acid or 
metaphoephatet. 

The phosphates which we generally meet with in nature and in ana- 
lytical investigations belong, as a rule, to the tribasLe series ; we therefore 
make them alone the object of a fuller study in this place, devoting a 
•iipplemental paragraph to a briefer consideration of monobasic and 
bibasic phosphoric acids and their salts. 

3. The HTDftATE ^Of TRIBASIO PHOSFHOBIO AOIP (3H0^ PO^) fomiS 

ooiorless and pellucid crystals, which deliquesce rapidly in the air to a 
syrupy non-caustic liquid. The action of heat changes it into hydrated 
pyro- or metaphosphoric acid, according as either one or two equivalents 
of water are expelled. Heated in an open platinum dish the hydmte of 
common phosphoric acid, if pure, volatilizes completely, though with 
difficulty, in white fumes. 
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4. The action of Heat &ils to decompose the tbtbasig phosphates with 
fixed bases, but converts them into pyrophosphates if they contain cue 
equivalent of basic water or ammonia, and into metaphosphates if they 
contain two equivalents. Of the tribasic phosphates those with alkaline 
base alone are soluble in water, in the neutral state. The solutions 
manifest alkaline reaction. If pyro- or metaphosphates are fused with 
carbonate of soda the fused mass contains the phosphoric acid invariably 
in the tribasic state. 

5. Chloride qfha/rmm produces in aqueous solutions of the neutral or 
basic phosphates of the alkalies, but not in solutions of the hydrate, a 
white precipitate of phosphate of babyta [2 BaO, HO, PO^; or 
3 BaO, POJ,* which is soluble in hydrochloric acid and in nitric acid, 
but sparingly soluble in chloride of ammonium. 

6. Solution ofavlphoite of lime produces in neutral or alkaline solutions 
of phosphates, but not in solutions of the hydrate, a white precipitate of 
phosphate of lime (2 CaO, HO, PO^ or 3CaO, PO^), which dissolves 
readily in acids, even in acetic acid, and is soluble aJso in chloride of 
ammonium. 

7. Stdphate of magnesia produces in concentrated neutral solutions of 
phosphates of the alkalies a white precipitate of phosphate of maokesia 
(2 MgO, HO, POj + 14 aq.), which often separates only after some time ; 
upon boiling, a precipitate of basic salt (3 MgO, PO^ + 5 aq.) is thrown 
down immediately. The latter precipitate forms also upon addition of 
sulphate of magnesia to the solution of a basic alkaline phosphate. But 
if sulphate of magnesia, mixed with a sufficient quantity of chloride of 
ammonium to leave the solution clear upon addition of ammonia, is 
added to a solution of fi^e phosphoric acid or of an alkaline phosphate, 
and ammonia in excess is then added, a white, crystalline, and quickly 
subsiding precipitate of basic phosphate of magnesia and ammonia 
(2 MgO, NH^O, POj + 12aq.) is formed, even in highly dilute solutions. 
This precipitate is insoluble in ammonia and most sparingly soluble in 
chloride of ammonium, but dissolves readily in acids, even in acetic acid. 
It makes its appearance often only after the lapse of some time ; stirring 
promotes its separation (§ 98, 7). The reaction can be considered decisive 
only if no arsenic is present (§ 133, 9). 

8. Nitra^te of silver throws down from solutions of neutral and basic 
alkaline phosphates a light-yellow precipitate of phosphate of silver 
(3 AgO, POj, which is readily soluble in nitric acid and in ammonia. 
If the solution contained a basic phosphate the fluid in which the preci- 
pitate is suflpended manifests a neutral reaction ; whilst the reaction is 
acid if the solution contained a neutral phosphate. The acid reaction in 
the latter case arises from the circumstance that the nitric acid receives, 
for the 3 equivalents of oxide of silver which it yields to the 
phosphoric acid, only 2 eq. of alkali and 1 eq. of water ; and as the 
latter does not neutralize the acid properties of the nitric acid, the solu- 
tion becomes acid. 

9. If to a solution containing phosphoric acid and the least possible 
excess of hydrochloric or nitric acid a tolerably large amount of acetate 
of soda is added, and then a drop of sesquicMoride of i/ron, a yellowish- 

* Precipitates of the former composition are produced in solutions containing an 
alkaline phosphate with two equivalents of a fixed base or ammonia ; whilst precipi< 
tates of the latter composition are formed in solutions which contain an alkaline pho6> 
phate with three equivalents of a fixed base or ammonia* 
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wldte, flocculenirgelatinous precipitate of phosphate of sesquioxide of 
IRON (Fe^O^, POg + 4 aq.) is formed. An excess of sesquicliloride of iron 
must be avoided, as acetate of sesquioxide of iron (of red color) would 
thereby be formed, in which the precipitate is not insoluble. This re- 
action is of importance, as it enables us to detect the phosphoric acid in 
phosphates of the alkaline earths ; but it can be held to be decisive only 
if no arsenic is present, as this shows the same reaction. To effect the 
complete separation of the phosphoric acid from the alkaline earths, a 
sufficient quantity of sesquichloride of iron is added to impart a reddish 
color to the solution, which is then boiled (whereby the whole of the 
sesquioxide of iron is thrown down, partly as phosphate, partly as basic 
acetate), and filtered hot. The filtrate contains the alk^ine earths as 
chlorides. If you wish to detect, by means of this reaction, phosphoric 
acid in presence of a large proportion of sesquioxide of iron, boil the 
hydrochloric acid solution witJi sulphite of soda until the sesquichloride 
is reduced to protochloride, which reduction is indicated by the decolor- 
ation of the solution ; add carbonate of soda until the fluid is nearly 
seutral, then acetate of soda^ and finally one drop of sesquichloride of 
iron. The reason for this proceeding is, that acetate of pi*otoxide of iron 
does not dissolve phosphate of sesquioxide of iron. 

10. If a few cubic centimetres of the solution of molybdcUe o/(immonia 
in nitric acid (§ 52) are poured into a test-tube, and a little of a fluid is- 
added containing phosphoric acid in neutral or acid solution, a light- 
yellow finely-pulverulent precipitate fomis at once or after a very short 
time, even in the cold, if the quantity of phosphoric acid is not too incon- 
siderable ; this precipitate speedily subsides to the bottom of the tube, 
or is deposited on the sides. With exceedingly minute quantities of 
phosphorus, as e,g. 0*00002 grm. = about 0*0003 grain, a few hours 
must be allowed for the manifestation of the reaction, which should be 
aided also by applying a gentle heat, but not higher than 104° F. If no 
other coloring substances are present, the fluid above the precipitate 
appears coloirless. The fluid to be tested for phosphoric acid should not 
he added in larger proportion than an equal volume to that of the molyb- 
date of ammonia solution ; a mere yellow coloration of the fluid should 
never be considered to prove the presence of phosphoric acid. 

The yellow precipitate contains moltbdic acid, ammonia, water, and 
a little PHOSPkORic acid (about 3 per cent). As it is insoluble in dilute 
acids only in presence of an excess of molybdic add, addition of phos- 
phoric acid in excess will necessarily altogether prevent its formation, 
which should be borne in mind. Presence of certain organic substances, 
e,g. tartaric acid, v^ill also prevent the precipitation. The precipitate, 
after subsiding, may be readily recognised even in dark-colored fluids. By 
washing it with the solution of molybdate of ammonia with which the 
precipitation has been effected, dissolving in ammonia, and adding a 
mixture of sulphate of magnesia, chloride of ammonium, and ammonia, 
phoephate of magnesia and ammonia is produced. By conducting the 
operation in the manner above stated, phosphoric acid cannot well be 
oonfounded with any other acid ; since arsenic acid gives in the cold no 
precipitate with solution of molybdate of ammonia in nitric acid, though 
it gives one upon application of heat, and more especially upon boiling 
(the fluid above this precipitate appears yellow) ; and silicic acid shows 
no reaction with it in the cold, and gives only a yellow coloration on 
heating, but no precipitate. 
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11. Tf a fin^y*powdered substance contaiDing phosphoric acid (or a 
metallic phosphide) is intimately mixed with 5 parts of a flux cousisting 
of 3 parts of carbonate of Hoda, 1 part of nitrate of potassa, and 1 part of 
silicic acid, the mixture fused in a platinum spoon or crucible, the fused 
mass boiled with water, the solution obtained decanted, carbonate of 
ammonia added to it, the fluid boiled again, and the silicic acid which is 
thereby precipitated filtered ofl", the filtrate now holds in scdution alkaline 
phosphate^ and may accordingly be tested for phosphoric acid as directed 
in 7, 8, 9, or 10. 

12. White of egg is not precipitated by solution of hydrate of tribasio 
phosphoric acid, aor by solutions of tribasio phoephates mixed with 
acetic acid. 

§ 148. 

a. Bihasie pho^horic aeid. The solution of &e hydrate 2 HO, PO^ is converted 
by boiling into solution of the hydrate 3 HO, PO, The solutions of the salts bear 
heating without suffering decootposition ; but upon, boiling with a strong acid th« 
phosphoric acid is converted into the iribasic state. If the salts are fused with car- 
bonate of soda in excess tribastc phosphates are produced. Of the neutral pyrophos- 
phates only those with alkaline bases are soluble in water ; the acid salts (e.g.^ Na O, 
HO, POj are by ignition converted into mataphosphates (NaO, PO^). Chloride of 
hoHum fails to precipitate the free aeid ; from solutions of the salts it predpitatea 
PTBOPHOSPHATB OF BABITA (2 BaO, PO,). Nitrate of silver throws down from a 
solution of the hydrate, especially upon addition of an alkali, a white, earthy -looking 
precipitate of ptrophosfhate op ulybb (2 AgO, P O^), which is soluble in nitric acid 
and in ammonia. SulphaJte of magnesia precipitates ptkophosphats or m aonxsia 
(2MgO, POJ. The precipitate dissolves in an excess of the pyrophosphate, as well as 
in au excess of the sulphate of magnesia. Ammonia faJls to precipitate it from these 
solutions. Upon boiling the s(^ution it separates again. White of egg is not pre- 
cipitated by solution of the hydrate nor by solutions of the salts mixed with acetic 
acid. Molybdate of ammomob, with addition of hydroefalorie add, fails to produce a 
precipitate. 

p. Monobasic phosphoric acid. Five sorts of monobasic phosphates sjre known, and 
the hydrates also of most of these have been produced. The several reactions by which 
to distinguish between these I wiU not enter upon here, and confine myself to the 
simple observation that the monobasic phosphoric acids differ from the bibasic and 
tribasic phosphoric acids in this, that the solutions of the hydrates <^ the monobasic 
acids precipitate white of egg at oiioe, and the solutions of their salts after addition of 
acetic acid. Those hydrates and salts which are precipitated by nitrate of silver pro- 
duce with that reagent a white precipitate. A mixture of sulphate of nMgnesia^ 
chloride of 'ammonium, and ammonia tsAU to preeipitata the monobasic phosphoric 
acids and their salts, or produces precipitates soluble in chloride of ammonium. AJl 
monobasic phosphates yield upon fusion with carbonate of soda tribasic phosphate of 
soda. 

§ 144. 
h. BoBAcic Acid (BO,). 

1. Boracie acid, in the anhydrous state, is a colorless, fixed glass, 
fusihle at a red heat ; hydrate o£ boracie acid (3 H O, B O,) is a poroas, 
white mass ; in the crystalline state (HO, BO, + 2 aq.), it presents small 

^ scaly laminae. It is soluble in water and in spirit of wine ; upon eva- 
porating the sdutions a large proportion of boracie acid volatilizes along 
with the 'aqueous and alcoholic vapors. The solutions redden litmus- 
paper, and impart to turmeric-paper a faint brown-red tint, which 
acquires intensity upon drying. The borates are not decomposed upon 
ignition ; those with alkaline bases alone are readily soluble in water. 
The solutions of borates of the alkalies are colorless, and all of them, 
even those of the acid salts, manifest alkaline reaction. 

2. Chloride of barium produces in solutions of borates, if not too 
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liiglily dilate, a white precipitate of borate OF baryta, which is soluble 
in acifis and ammoniacal salts. The formula of this precipitate, when 
thrown down from solutions of neutral borates, is BaO, BO^ + aq. ; 
when thrown down from solutions of acid borates, 3 BaO, 5 BOg 4- 6 aq. 
(H. Rose). 

3. Nitrate of silver produces in concentrated solutions of neutral 
borates of the alkalies a white precipitate, inclining slightly to yellow 
from admixture of free oxide of silver (AgO, BO3 + HO) ; in concen- 
trated solutions of acid borates a white precipitate of 3 AgO, ^BO,. 
Dilute solutions of borates give with nitrate of silver a grayish-brown 
precipitate of oxide of silver (H. Kose). All these precipitates dissolve 
in nitric acid and in ammonia. 

4. If dilute stdpkuric add or hydrochloric acid is added to highly 
concentrated, hot prepared solutions of alkaline borates, the boracic 
ACID separates upon cooling, in the form of shining crystalline scales. 

5. If alcohol is poured over free boracic acid or a borate — with addi- 
tion, in the latter case, of a sufficient qvtamiiJty of concentrated sulphn/ric 
acid to liberate the boracic acid — and the alcohol is kindled, the flame 
appears of a very distinct yellowish-gre3EK color, especially upon stirring 
the mixture ; this tint is imparted to the flame by the ignited boracic 
acid which volatilizes with the alcohol. The delicacy of this reaction 
may be considerably heightened by heating the dish which contains the 
alcoholic mixture, kindling the alcohol, allowing it to burn for a short 
lime, then extinguishing the flame, and afterwards rekindling it. At 
the first flickering of the flame its borders will now appear green, even 
though the quantity of the boracic acid be so minute that it fails to 
produce a perceptible coloring of the flame when treated in the usual 
manner. As salts of copper also impart a green tint to the flame of 
alcohol, the coj^r which might be present must first be removed by 
means of hydrosulphuric acid. Presence of metallic chlorides also may 
lead to mistakes, as the chloride of ethyle formed in that case colors the 
borders of the flame greenish. 

6. If a solution of boracic acid, or of a borate with an alkali or an 
alkaline earth for base, is mixed with hydrochloric acid to slight, but 
distinct, acid reaction, and a slip of tv/rmeric paper is half dipped into it, 
and then dried on a watch-glass at 212^ Fah., the dipped half shows a 
peculiar BED tint (H. Eo^e). 

This reaction is very delicate ; care must be taken not to confound 
the characteristic red coloration with the blackish-brown color which 
turmeric-paper acquires when moistened with rather concentrated hydro- 
chloric acid, and then dried ; nor with the brownish-red coloration which 
sesquichloride of iron, or a hydrochloric acid solution of molybdate of 
ammonia, gives to turmeric paper, more particularly upon drying. By 
moistening turmeric-paper reddened by boracic acid with a solution of 
an alkali or an alkaline carbonate, the color is changed to bluish-black or 
greenish-black ; but a little hydrochloric acid will at once restore the 
brownish-red color (A. Vooel, H. Ludwig). 

7. If a substance containing boracic acid is reduced to a fine powder, 
this, with addition of a drop of water, mixed with 3 parts of a flux com- 
posed of 4 J parts of bisulphate of potassa and 1 part of finely pulverized 
fluoride of calcium, free from boracic acid, and the paste exposed on the 
loop of a platinum wire in the outer mantle of BunsevCs gas flame, or at 
the apex of the inner flame of the blowpipe, fluoride of boron escapes. 
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'which imparts to the flame-— though only for a few instants^ — a green' 
tint. With readily decomposed compounds the reaction may be ob- 
tained by simply moistening the sample with hydrofluosilicic add, and 
holding it in the flame. 

8. Boracic acid or borates, fused together with carbonate of soda, 
give, when placed in the flame of the spectrum appa/ratua, a spectrum of 
fbur strong green and blue lines of equal width, and placed at equal dis- 
tances. BOa is yellowish-green, and coincides with Ba y ; BO/3 is light 
green, and coincides withBa/3; BOy is faint bluish-green, and almost 
coincides with the blue barium line. BO 3 is very faint blue, and does 
not quite reach Sr^. Presence of alkali and alkaline earths does not 
prevent the reaction, 

§ 145. 

c. Oxalic Acid (0^0^ = 0). 

1. The HYDRATE OP OXALIC ACID (2 HO, 0^0^) is a white powder; 
the crystallized acid (2 HO, C^O^ + 2 aq:) forms colorless rhombic prisms. 
Both dissolve readily in water and in spirit of wine. By heating rapidly 
in open vessels part of the hydrated acid undergoes decomposition, 
whilst another portion volatilizes unaltered. The fumes of the vola- 
tilizing acid are very irritating and provoke coughing. If the hydrate 
is heated in a test-tube the greater part of it sublimes unaltered. 

2. The whole of the oxalates undergo decomposition at a red heat, 
the oxalic acid being converted into carbonic acid and carbonic oxide. 
Those with an alkali or an alkaline earth for base are in this process 
converted into carbonates (if pure, almost without separation of char- 
coal). Oxalate of magnesia is converted into pure magnesia even by a 
very gentle red heat. The oxalates with metallic bases leave either the 
pure metal or the oxide behind, according to the greater or less degree 
of reducibility of the metallic oxide. The alkaline oxalates, and also 
some of the oxalates with metallic bases, are soluble in water. 

3. Chloride of ha/riwm produces in neutral solutions of oxalates a white 
precipitate of oxalate of baryta (2 BaO, 0^0^ + 2 aq.), which dissolves 
very sparingly in water, more readily in water containing chloride of 

' ammonium, acetic acid, or oxalic acid, freely in nitric acid jand in hydro- 
chloric acid; ammonia reprecipitates it from the latter solutions un- 
altered. 

4. Nil/rate of Silver produces in neutral solutions of oxalic acid and 
of alkaline oxalates a white precipitate of oxalate op silver (2 AgO, 
C^Og), which is readily soluble in concentrated hot nitric acid and also 
in ammonia, but dissolves with difficulty in dilute nitric acid, and is 
most sparingly soluble in water. 

5. Lime-toater and all the soluble salts of limej and consequently also 
solution of svlphcite of lime, produce in even highly dilute solutions of 
free oxalic acid or of oxalates of the alkalies, white finely pulverulent 
precipitates of oxalate op lime (2 CaO, 0^0^ + 2 aq., and occasionally 
2 CaO, C^Og + 6 aq.), which dissolve readily in hydrochloric acid and in 
nitric acid, but are nearly insoluble in oxalic acid and in acetic acid, and 
almost absolutely insoluble in water. The presence of salts of ammonia 
does not interfere with the formation of these precipitates. Addition of 
ammonia considerably promotes the precipitation of the free oxalic acid 
by salts of lime. In highly dilute solutions the precipitate is only formed 
after some time. 
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6. K hydrated oxalic aoid (or an oxalate), in the dry state, is heated 
with an excess of concentrated avJ/phuric acid, the latter withdraws from 
tlie oxalic acid its constitutional water, and thus causes its decomposition 
iato GAKBONio AOID ^ and carbonio oxide (0^0^ = 2 00 + 2 COj), the 
two gases escaping with effervescence. If the quantity operated upon is 
not too minute the escaping carbonic oxide gas may be kindled ; it burns 
with a blue flame. Should the sulphuric acid acquire a dark color in 
this reaction, this is a proof that the oxalic acid contained some organic 
substance in admixture. 

7. If oxalic acid or an oxalate is mixed with some finely pulverized 
Unaxide of manga/nese (which must be free from carbonat&), a little 
water added and a few drops of sulphuric acid, a lively efiervescence 
ensues, caused by the escaping cabbonio acid [2 MnO, + C. O + 2 SO, 
= 2(MnO,SO,) + 4CO,]. 

8. If oxalates of alkaline earths are boiled with a concentrated solu- 
tion of cwrhoftw^ of soda, and the fluid Altered, the oxalic acid is 
obtained in the filtrate in combination with soda, whilst the precipi- 
tate contains the base as carbonate. With oxalates containing for 
their base oxides of heavy metals, this operation is not always sure to 
attain the desired object, as many of these oxalates, e.g, oxalate of prot- 
oxide of nickel, will partially dissolve in the alkaline fluid, with forma- 
tion of a double salt. Metals of this kind should therefore be separated 
as sulphides. 

§ 146. 

d. Hydrofluoric Acid (HF). 

1. Anhydrous hydrofluoric acid is a colorless corrosive gas, which 
fames in the air, and is freely absorbed by water. Liquid hydrofluoric 
add is distinguished from all other acids by the exclusive property it 
possesses of dissolving crystallized silicic acid, and also the silicates which 
are insoluble in hydrochloric acid. Fluoride of silicon and water are 
formed in the process of solution (Si03 + 2 HF = SiF, + 2 HO). Hy- 
drofluoric acitf decomposes with metallic oxides in the same manner, 
metallic fluorides and water being formed. 

2. The FLU0RIDB8 of the alkali metals are soluble in water; the solu- 
tions have an alkaline reaction. The fluorides of the metals of the 
alkaline earths are either altogether insoluble in water, or they dissolve 
in that menstruum only with very great difficulty. Fluoride of alu- 
minium is readily soluble. Most of the fluorides corresponding to the 
oxides of the heavy metals are very sparingly sol]jf)le in water, as, for 
instance, the fluorides of copper, lead, and zinc ; many other of the 
fluorides of the heavy meiflils dissolve in water without difficulty, as, for 
instance, the sesquifluoride of iron, protofluoi-ide of tin, fluoride of 
mercury, &c. Many of the fluorides insoluble or difficultly soluble in 
water dissolve in free hydrofluoric acid ; others do not. Most of the 
fluorides bear ignition in a crucible without suflering decomposition. 

3. Chloride of bariitm precipitates aqueous solutions of free hydro- 
fluoric acid, but much more completely solutions of fluoride of the 
alkalies. The bulky white precipitate of fluoride of barium (BaF) is 
almost absolutely ii^oluble in water, but dissolves in large quantities 
of hydrochloric acid or nitric acid, from which solutions ammonia fails 
to precipitate it, or throws it down only very incompletely, owing to 
the dissolving action of the neutral ammonia saltti. 

u2 
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4. Chloride of calcium produces in aqueous solutions of hydrofluoric 
acid or of fluorides a gelatinous precipitate of fluoride of calciuic 
(Ca F), which is so transparent as at first to induce the belief that the 
fluid has remained perfectly clear. Addition of ammonia promotes the 
complete separation of the precipitate. The precipitated fluoride of 
calcium is almost absolutely insoluble in water, and only very slightly 
soluble in hydrochloric acid and nitric acid in the ooM ; it dissolves 
somewhat more largely upon boiling with hydrochloric acid. Ammonia 
produces no precipitate in the solution, or only a very trifling one, as 
the salt of ammonia formed retains it in solution. Fluoride of calcium 
is scarcely more soluble in free hydrofluoric acid than in water. It is 
insoluble in alkaline fluids. 

5. If a flnely pulverized fluoride, no matter whether soluble or in^ 
soluble, is treated in a platinum crucible with just enough concentrated 
sulphuric a^cid to make it into a thin paste, the crucible covered with 
the convex face of a watch-glass of hard glass coated with bees-wax, 
which has been removed again in some places by tracing lines in it with 
a pointed piece of wood, the hollow of the glass filled with water, and 
the crucible gently heated for the space of half an hour or an hour, the 
exposed lines will, upon the removal of the wax, be found more or les» 
deeply £TCH£D into the glass.* If the quantity of hydrofluoric acid 
disengaged by the sulphuric acid was very minute, the etching is oftea 
invisible upon the removal of the wax ; it will, however, in such cases 
reappear when the plate is breathed upon. This reappearance of the 
etched lines is owing to the unequal capacity of condensing water which 
the etched and the untouched parts of the plate respectively possess. 
The impressions which thua appear upon breathing on the glais may, 
however, owe their origin to other causes ; therefore, though their non- 
appearance may be held as a proof of the absence of fluorine, their ap- 
pearance is not a positive proof of the presence of that element. At all 
events, they ought only to be considered of value where they can be . 
developed again after the glass has been properly washed with water, 
dried, and wiped.t "^ 

This reaction (5) fails if there is too much silicic acid present, or if the 
body under examination is not decomposed by sulphuric acid. In such 
cas^ the one or the other of the two following methods is resorted to, 
according to circumstances. 

6. If we have to deal with a fluoride decomposable hy svlphwric acidy 
but mixed with a large proportion of silicic acid, the fluorine in it may 
be detected by heat^g the mixture in a test-tube with concentrated 
sulphuric add, as fluosiligig gas is evolved in this process, which forms 
dense white fumes in moist air. If the gas is conducted into water 
through a bent tube moistened inside, the latter has its transparency 
more or less impaired, owing to the separation of silicic acid. If the 

* The coating with wax may he readily effected hy heating the glass cautiously, 
putting a small piece of wax upon the convex face, and spreading the fused mass 
equally over it. The removal of the wax coating is effected hy heating the glass 
gently, and wiping the wax off with a cloth. 

f J. Nickl:§:s states that etchings on glass may he ohtained with all kinds of 
sulphuric acid, and, in fact, with all acids suited to effect evolution of hydrofluoric 
acid. I have tried watch-glasses of Bohemian glass with sulphuric and other acids, 
but could get no etchings in confirmation of this statement. Still, proper caution 
demands that before using the sulphuric acid, it should first be positively ascertained 
that its fumes will not etch glass. 
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qnantity operated upon is rather considerable, hydrate of silicic acid sepa- 
rates in the water, and the fluid is rendered acid bj hjdrofluosilicic acid. 
The following process answers best for the detection of smaller quan- 
tities of fluorine. Heat the substance with concentrated sulphuric acid 
in a flask closed with a cork with double perforation, bearing two tubes, 
of which one reaches down to the bottom of the flask, whilst the other 
terminates immediately under the cork. Conduct through the longer 
tube a slow stream of dry air into the flask, and conduct this, upon its 
re-issuing through the other tube, into a U-shaped tube containing a 
little ammonia, and connected at the other end with an aspirator. The 
silicofluoric gas, which escapes along with the air, decomposes with the 
ammonia, more particularly upon the application of a gentle heat towards 
the end of the process, fluoride of ammonium and hydrated silicic acid 
being formed. Filter, evaporate in a platinum crucible to dryness, and 
examine the residue by the method described in 5, — For more difficultly 
decomposable substances bisulphate ot potassa is used instead of sulphuric 
acid, and the mixture, to which some marble is added (to ensure a con- 
iinnous slight evolution of gas), heated to fusion, and kept in that state 
for some time. 

7. Compounds not decomposable by sulphuric acid must first be fused 
with four parts of carbonate of soda and potassa. The fused mass is 
treated with water, the solution filtered, the filtrate concentrated by evapo- 
ration, allowed to cool, transferred to a platinum or silver vessel, hydro- 
chlorio acid added to feebly acid reaction, and the fluid allowed to stand 
until the carbonic acid has escaped. It is then supersaturated with am- 
monia, heated, filtered into a bottle, chloride of calcium added to the still 
hot fluids the bottle closed, and allowed to stand a^ rest If a precipitate 
s^Mrates afcer some time it is collected on a filter, dried, and examined 
by the method described in 5 (H. Rose). 

8. Minute quantities of metallic fluorides in minerals, slags, <S^c., may 
.also be readily detected by means of the blowpipe. To this end bend a 

piece of platinum foil in gutter-shape, insert it in a glass tube as shown 
in Fig. 33, introduce the finely tritu- 
rated substance mixed with powdered 
phosphate of soda and ammonia fused 
on charcoal, and let the blowpipe flame Fig. 83. 

play upon it in a manner to make the 

products of combustion pass into the tube. If fluorides of metals are 
present hydrofluoric acid gas is evolved, which betrays its presence by 
its pungent odor, the dimming of the glass tube (which becomes percep- 
tible only after cleaning and drying), and the yellow tint which the acid 
air issuing from the tube imparts to a moist slip of Brazil-wood paper*' 
(Bbbzeuus, Shithson). When silicates containing metallic fluorides 
are treated in this manner gaseous fluoride of silicon is formed, which 
also colors yellow a moist slip of Brazil-wood paper inserted in the tube, 
and leads to silicic acid being deposited within the tube. After washing 
and drying the tube, it appears here and there dimmed. In the 
case of minerals containing water the presence of even a small proportion 
of metallic fluorides will usually suffice upon heating, even without addi- 
tion of phosphate of soda and ammonia, to color yellow a moistened slip 
of Brazil-wood paper inserted in the tube (Bebzeuus). 

* Prepared by OBoistening slips of fine printing-paper with decoction of Brazil-wood. 
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§ 147. 

Recapitvlation and remarks, — The baryta compounds of the acids of 
the third division are dissolved by hydrochloric acid, apparently without 
undergoing decomposition ; alkalies therefore reprecipitate them unaltered, 
by neutralizing tlie hydrochloric acid. The baryta compounds of the acids 
of the first division of the first group show, however, the same deport- 
ment ; these acids must, therefore, if present, be removed before any con- 
clusion regarding the presence of phosphoric acid, boracic acid, oxalic acid, 
or hydrofluoric acid, can be drawn from the reprecipitation of a salt of 
baryta by alkalies. But even leaving this point altogether out of the 
question no great value is to be placed on this reaction, not even so far 
as the simple detection of these acids is concerned, and £eir less still as 
regards their separation from other acids, since ammonia fSails to. repreci- 
pitate from hydrochloric acid solutions the salts of baryta in question, 
and more particularly the borate of baryta and the fluoride of barium, if 
the solution contains any considerable proportion of free acid or of an am- 
moniacal salt. Boracic acid is well characterized by the coloration which 
it imparts to the flame of alcohol, and also by its action on turmeric- 
paper. The latter reaction is more particularly suited for the detection 
of very minute traces of boracic acid. Oxides of the heavy metals, if 
present, are most conveniently removed first by hydrosulphuric acid or 
sulphide of ammonium. Before proceeding to concentrate dilute solu- 
tions of boracic acid the acid must be combined with an alkali, otherwise 
a large portion of it will volatilize along with the aqueous vapors. 

The detection of phosphoric acid in compounds soluble in water is not 
difficult; the reactiop with sulphate of magnesia is the best adapted 
for the purposa The detection of phosphoric acid in insoluble com- 
pounds cannot be effected by means of magnesia solution. Sesquichloride 
of iron (§ 142, 9) is well suited for the detection of phosphoric acid in 
its salts with the alkaline earths, and more particularly for the separation 
of the acid from the alkaline earths ; the nitric acid solution of molyb- 
date of ammonia is more especially adapted to effect the detection of 
phosphoric acid in presence of alumina and sesquioxide of iron. I 
must repeat again that both these reactions demand the strictest 
attention to the directions given in § 142, 9 and 10. If present in 
combination with metallic oxides of the fourth, fifth, or sixth group, it 
may be isolated, either by the method given in § 142, 11, or simply by 
removing the bases by precipitating them with hydrosulphuric acid or 
sulphide of ammonium. 

Oxalic add may always be easily detected in aqueous solutions of 
oxalates of the alkalies, by solution of sulphate of lime. The formation 
of a finely pulverulent precipitate, insoluble in acetic acid, leaves 
hardly a doubt 'on the point, as racemic acid alone, which occurs so very 
rarely, gives the same reaction. In case of doubt the oxalate of lime 
may be readily distinguished from* the paratartrate, or racemate, by 
simple ignition, with exclusion of air, as the decomposed paratartrate 
leaves a considerable proportion of charcoal behind ; the paratartrate 
dissolves moreover in cold solution of potassa or soda, in which oxalate 
of lime is insoluble. The deportment of the oxalates with sulphuric 
acid, or with binoxida of manganese and sulphuric acid, affords also 
sufficient means to confirm the results of other tests. In insoluble salts 
the oxalic acid is detected most) safely by decomposing the insoluble 
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compound by boiling with solation of carbonate of soda, or in oxalates 
with oxides of the heavy metals, by hydrosulphuric acid or sulphide of 
ammoniam (§ 145, 8). I mast finally also call attention here to the 
&ct that there are certain soluble oxalates which are not precipitated by 
salts of lime ; these are more particularly oxalate of sesquioxide of 
cbromiam, and oxalate of sesquioxide of iron. Their non-precipitation 
is owing to the circumstance that these salts form soluble double salts 
with oxalate of lime. In salts decomposable by sulphuric acid, the 
hydroflttorio acid is readily detected ; only it must be borne in mind 
that an over large proportion of sulphuric acid impedes the free evolu- 
tion of hydrofluoric gas, and thus impairs the delicacy of the reaction ; 
also that the glass cannot be distinctly etched if, instead of hydrofluoric 
gas, fluosilicic gas alone is evolved ; and therefore, in the case of com- 
pounds abounding in silica, the safer way is to try, besides the reaction 
given § 146, 5, also the one given in § 146, 6. — In silicates which are 
not decomposed by sulphuric acid the presence of fluorine is often over- 
looked, because the analyst omits to examine the compound carefullj^ by 
the method given § 146, 7. 

§ 148. 
Phosphorous Aoro (PO3). 

Anhydrous phosphorous acid is a white powder, which admits of sublimation, and 
boms when heated in the air. It forms with a small proportion of water a thickish 
fluid, which crystallizes by long standing. Heat decomposes it into hyd rated phos- 

fhoric acid and phosphuretted hydrogen gas, which does not spontaneously take fire, 
t freely dissolves in water. Of the salts those with alkaline base are readily soluble 
in water. All the others sparingly soluble ; the latter dissolve in dilute acids. All the 
alts are decomposed by ignition into phosphates, which are left behind, and hydrogen 
gas, or a mixture of hydrogen and phosphuretted hydrogen, which escapes. With 
nitrate of silver separation of metallic silver takes place, more especially upon addition 
of ammonia and application of heat ; with nitrcUe of suboxide of mercury, under the 
same circumstances, separation of metallic mercury. From chloride of mercwry in 
excess phoephorous acid throws down subchloride of mercury after some time, more 

apidly upon heating. Chloride of haritim and chloride of calcium produce in not 
over-dilute solutions of phosphorous acid, upon addition of ammonia, white precipitates, 
which are soluble in acetic acid. A mixture of sulphate of magnesia, chloride of am- 
monium, and ammonia will precipitate only somewhat more concentrated solutions. 
Acetate of lead throws down white phosphite of lead, insoluble in acetic acid. By 
beating to boiling with aidphurous acid in excess phosphoric acid is formed, attended 
by separation of sulphur. 

In contact with zinc and dUute stdphurtc acid phosphorous acid gives a mixture of 
hydrogen gas with 'phosphuretted hydrogen, which accordingly fumes in the air, bums 
with an emerald-green color, and precipitates phosphide of silver from solution of 
nitrate of silver. 

Fourth Dwision of the First Group of the Inorgcmic Acids, 

§ 149. 
a. Cabbonio Acid (00,). 

1. Cabbon is a solid tasteless and inodorous body. The very highest de- 
grees of heat alone can effect its fusion and volatilization (Despbetz). All 
carbon is combustible, and yields carbonic acid when burnt with a sufficient 
supply of oxygen or atmospheric air. In the diamond the carbon is 
crystallized, transparent, pellucid, exceedingly h^rd, difficultly combus- 
tible y in the form of graphite it is opaque, blackish-gray, soft^ greasy to 
the touchy difficultly combustible^ and stains the fingers; as charcoal 
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produced by the decomposition (destructive distillation) of organic 
matters it is black, opaque, noncrystalline — occasionally dense, shining, 
and difficultly combiutible, and occasionally porous, dull, and readily 
combustible. 

^ 2. Oabbonic acid, at the common temperature and common atmo- 
spheric pressure, is a colorless gas of far higher specific gravity than 
atmospheric air, so that it may be poured from one vessel into another. 
It is almost inodorous, has a sourish taste, and reddens moist litmua-paper ; 
but the red tint disappears again upon drying. Carbonic acid is readily 
absorbed by solution of potassa ; it dissolves pretty copiously in water. 

3. The AQUEOUS solution of carbonic acid has a feebly acid and . 
pungent taste ; it transiently imparts a red tint to litmu»-paper, and 
colors solution of lit^ius wine-red ; it loses its carbonic acid when shaken 
with air in a half^fiUed bottle, and more completely still upon appli- 
cation of heatw Some of the carbonates lose their carbonic acid by 
ignition; those with colorless oxides are white or colorless. Of the 
neutral carbonates only those with alkaline bases are soluble in water. 
The solutions manifest a very strong alkaline reaction. Besides the car<- 
bonates with alkaline bases, those also with an alkaline earth for base, 
and some of those with a metallic base, dissolve as acid or bicarbonates. 

4. The carbonates are decomposed by all free (tcids soluble in water, 
with the exception of hydrocyanic acid and hydrosulphuric acid The 
decomposition of the carbonates by acids is attended with sffebyescenci^ 
the carbonic acid being disengaged as a colorless and almost inodorous 
gas, which transiently imparts a reddish tint to litmus-paper. It is 

. necessary to apply the decomposing acid in excess, especially when 
operating upon carbonates with alkaline bases, since the formation of 
bicarbonates will frequently prevent effervescence if too little of the 
decomposing acid be added. — ^Substances which it is intended to test for 
carbonic acid by this method should first be heated with a little water, 
to prevent any mistake which might arise from the escape of air-bubbles 
upon treating the dry substaAces with the acid. Where there is reason 
to apprehend the escape of carbonic acid upon boiling with water, lime 
water should be used instead of pare water. If it is wished to determine 
by a direct experiment whether the disengaged gas is really carbonic 
acid or not, this may be readily accomplished by dipping the end of a 
glass rod in baryta water, and inserting the rod into the test*tube, 
bringing the moistened end near the surface of the fluid in the tube, 
when ensuing turbidity of the baryta water on the glass rod will prove 
that the evolved gas is really carbonic acid, since 

5. Lime-water and barytorioater, brought into contact with carbonic 
acid or with soluble carbonates, produce white precipitates of neutral 
CAKBONATE OF LIME (CaO, CO,), or neutral carbonate of baryta (BaO, 
C Oj). In testing for free carbonic acid the reagents ought always to be 
added in excess, as the add carbonates of the alkaline earths are soluble 
in water. The precipitated carbonates of lime and baryta dissolve in 
acids, with effervescence, and are not reprecipitated from such solutions 
by ammonia, after the complete expulsion of the carbonic acid by ebul-> 
lition. As lime-water dissolves very minute quantities of carbonate of 
lime, the detection of exceedingly minute traces of carbonic acid requires 
the use of a lime-water saturated with carbonate of lime by long digestion 
with the latter salt (Welter, Bebthollet). 

6. Chloride ofcodcium and chhride of bariimi immediately produce in 
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flolotioiui of neutral alkaline carbonates, precipitates of cabbonat£ of 
L1MS or of CABBONATB OF BARYTA j In dilute solutions of bicarbonates 
ihese precipitates are formed only upon ebullition ; with free carbonic 
acid these reagents give no precipitate. 

§ 150. 
b. Silicic Acid (SiO,). 

1. Silicic acid is colorless or vhite, even in the hottest blowpipe 
flame unalterable and infusible. It fuses in the flame of the oxyhydrogen 
blowpipe. It is met with in two modiflcations (more correctly speaking, 
in the crystalline and in the amorphous state). It is insoluble in water 
and acids, with the exception of hydrofluoric acid ; whilst its hydrate is 
Bolable in acids, but only at the moment of its separation. The amor- 
pbous silicic acid and the hydrate dissolve in hot aqueous solutions of 
caustic alkalies and of flxed alkaline carbonates ; but the crystallized 
acid is insoluble or nearly so in these fluids. If either of ilie two is 
fused with pure alkalies or alkaline carbonates a basic silicate of the 
alkali is obtained, which is soluble in water, and from which acids again 
separate hydrated silicic acid. The silicates with alkaline leases alone 
are soluble in water. 

2. The solutions of the alkaline silicates are decomposed by all adds. 
If a large proportion of hydrochloric acid is added at once to even con- 
centrated solutions of alkaline silicates the separated silicic acid remains 
in solution ; but if the hydrochloric acid is added gradually drop by 
drop, whilst stirring the fluid, the greater part of the silicic acid sepa- 
rates as gelatinous hydrate. The more dilute the fluid, the more silicic 
acid remains in solution, and in highly dilute solutions no precipitate is 
formed. But if the solution of an alkaline silicate, mixed with hydro- 
chloric or nitric acid in excess, is evaporated to dryness silicic acid 
separates in proportion as the acid escapes ; upon treating the residue 
with hydrochloric acid and water the silicic acid remains in the free 
state (or, if the temperature in the process of drying was restricted to 
212°) as hydrate, HO, 4 SiO,), as an insoluble white powder. Chloride 
of ammonium produces in not over-dilute solutions of alkaline silicates 
precipitates of hydrate of silicic acid (containing alkaU). Heating pro- 
motes the separation. 

3. Some of the silicates insoluble in water are decomposed by hydro* 
chloric acid or nitric acid, others are not aflected by these acids, not even 
upon boiling. In the decomposition of the former the greater portion of 
the silicic add separates usually as gelatinous, more rarely as pulverulent 
hydrata To eflect the complete separation of the silicic acid, the hydro- 
chloric acid solution, with the precipitated hydrate of silicic acid 
suspended in it, is evaporated to dryness, the residue heated with stirring, 
at a uniform temperature above the boiling point of water imtil no more 
acid fumes escape, then moistened with hydrochloric acid, heated with 
water, and the fluid containing the bases Altered from the residuftry in- 
soluble silicic acid 

4. Of the silicates not decomposed by hydrochloric add many, e.^., 
kaolin, are completely decomposed by heating with a mixture of 8 parts 
of hydrated sulphuric acid and 3 parts of water, the decomposition being 
attended with separation of silidc acid in the pulverulent form ; many 
others are acted upon to some extent by this reagent. 
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5. If a silicate, reduced to a fine powder, is fused with 4 parts of car^ 
honate qfpotassa and soda until the evolution of carbonic acid has ceased, 
and the fused mass is then boiled with water, the greater part of the 
silicic acid dissolves as alkaline silicate, whilst the alkaline earths^ the earths 
proper (with the exception of alumina and baryta, which pass more 
or less completely into the solution), and the heavy metallic oxides are 
left undissolved. If the fused mass is treated with water, then, without 
previous filtration, hydrochloric or nitric acid added to strongly acid 
reaction, and the fluid treated as directed in 3, the silicic acid is lef^ 
undissolved, whilst the bases are dissolved. If the powdered silicate is 
fused with 4 parts of hydrate of baryta^ the fused mass digested with 
water, with addition of hydrochloric or nitric acid, and the acid solution 
treated as directed iv 3, the silicic add separates, and the bases, especially 
also the alkalies, are found in the filtrate. 

6. If hydrofluoric acid, in concentrated aqueous solution or in the 
gaseous state, is made to act upon silicic acid, fluosilic gas escapes 
(SiO, + 2 HF = Si F, + 2 HO) ; dilute acid dissolves silica to hydrofluo- 
silicic acid (Si O, + 3 H F = Si F,, H F + 2 H 0). Hydrofluoric acid acting 
upon silicates gives rise to the formation of silicofluorides (OaO, SiO, + 
3HF = SiF„ CaF + 3H0), which by heating with hydrated sulphuric 
acid are changed to sulphates, with evolution of hydrofluoric and fluo- 
silicic gas. If the powdered silicate is mixed with 5 parts of fluoride of 
calcium in powder, the mixture made into a paste with hydrated sul- 
phuric acid, and heat applied (best in the open air) until no more fumes 
escape, the whole of the silicic acid present volatilizes as fluosilicic gas. 
The bases present are found in the residue as sulphates, mixed with 
sulphate of lime. 

7. If silicic acid or a silicate is fused with carhona^ of soda on the 
loop of a platinum wire frothing is observed in the fusing bead, owing 
to the disengagement of carbonic acid. If the proper proportion of car- 
bonate of soda is not exceeded the bead of silicate of soda formed in the 
process will remain transparent on cooling. 

8. Fhosphate of soda a/nd amTnonia, in a state of fusioif, fails nearly 
altogether to dissolve silicic acid. If therefore silicic acid or a silicate is 
fused, in small fragments, with phosphate of soda and ammonia on a 
platinum wire the bases are dissolved, whilst the silicic acid separates 
and floats about in the clear bead as a more or less transparent mass, 
exhibiting the shape of the fragment used in the experiment. 

§151. 

RecapUvlation and rema/rhs, — Free carbonic acid is readily known by 
its reaction with lime-water ; the carbonates are easily detepted by the 
evolution of a nearly inodorous gas, which takes place when they are 
treated with acids. When operating upon compounds which evolve 
Dther gases besides carbonic acid, the disengaged gas is to be tested with 
lime-water or baryta-water. Silicic acid, both in the free state and in 
silicates, may usually be readily detected by the reaction with phosphate 
of soda and ammonia. It differs moreover from all other bodies in the 
form in which it is always obtained in analyses, by its insolubility in 
acids (except hydrofluoric acid), and its solubility in boiling solutions of 
pure alkalies and alkaline carbonates, and from many bodies by com- 
pletely volatilizing upon repeated evaporation in a platinum dish, with 
hydrofluoric acid or fluoride of ammonium and sulphuric acid. 
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second oeoup of the inoeoanic acids. 

Acids which abb peecipitated by Nitbate op Silvee, but not by 
Chlobide op Baeium : Hydrochloric Acid, Hydrobromic Acid, Hy^ 
driodic Acid, Hydrocyanic Acid, Hydro/erro- and Hydro/erricyanic 
Add, HydrosidphvHc Add (Nitrous Acid, Hypochlorous Acid, Chlo- 
rous Acid, Hypophosphorous Acid). 

The silver compounds corresponding to the acids of this group are in- 
soluble in dilute nitric acid. The acids of this group decompose with 
metallic oxides, the metals combining with the chlorine, bromine, 
cyanogen, iodine, or sulphur, whilst the oxygen of the metallic oxide 
forms water with the hydrogen of the hydracid. 

§ 152. 
a. Htdeochloeic Acid (HCl). 

1. Chloeine is a heavy yellowish-green gas of a disagreeable and 
saffocating odor, which has a most injurious action upon the respiratory 
organs j it destroys vegetable colors (litmus, indigo-blue, <&c.) ; it is not 
inflammable, and supports the combustion of few bodies only. Minutely- 
divided antj^mony, tin, &c., spontaneously ignite in it, and are converted 
into chlorides. It dissolves pretty freely in water ; the chlorine water 
formed has a faint yellowish-green colbr, smells strongly of the gas, 
bleaches vegetable colors, is decomposed by the action of light (§ 27), 
and loses its smell when shaken with mercury ; in this process the latter 
ifl converted into a mixture of subchloride and metallic mercury. Small 
quantities of free chlorine may be readily detected in a fluid, by adding 
the latter to a solution of pure protoxide of iron mixed with sulpho- 
cyanide of potassium ; the solution is at once colored red by the action 
of the free chlorine j — or, also — where no nitrous acid is present — ^by 
adding thQ fluid to a dilute solution of iodide of potassium mixed with 
starch-paste. (See § 154, 9.) 

2. Hydeochloeic acid, at the common temperature and common 
atmospheric pressure, is a colorless gas, which forms dense fumes in the 
air, is suffocating and very irritant, and dissolves in water with exceeding 
duality. The more concentrated solution (fuming hydrochloric acid) 
loses a large portion of its gas upon heating. 

3. The neutral metaluc ghloeides are readily soluble in water, with 
the exception of chloride of lead, chloride of silver, and subchloride of 
mercury ; most of the chlorides are white or colorless. Many of them 
volatilize at a high temperature, without suffering decomposition; others 
are decomposed upon ignition, and many of them are flxed at a moderate 
red heat 

4. NUrale of silver produces in even highly dilute solutions of free 
hydrochloric acid or of metallic chlorides white precipitates of chloeide 
OF 8ILVEE (Ag CI), which upon exposure to light change first to violet, 
then to black; they are insoluble in dilute nitric acid, but dissolve 
readily in ammonia as well as in cyanide of potassium, and fuse without 
decomposition when heated. (Compare § 115, 7.) 

5. NUrate of suboxide of mercury and acetate of lead produce in solu- 
tions containing free hydrochloric acid or metallic chlorides precipitate* 
of subchloeide of meecuey (Hg, CI) and chloeide of lead (Pb CI). 
For the properties of these precipitates see § 116, 6, and § 117, 7. 

6. If hydrochloric add is heated with hirumde of momganese, or a 
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chloride with hmoodde of manganese and stdphtirie aoid, chlorine gas is 
evolved, which may be readily recognised by its odor, its tellowish- 
GBEEN color, and its bleaching action upon vegetable colors. The best 
way of testing the latter is to expose to the gas a slip of moist litmus- 
paper, or a slip of moist paper colored with solution of indigo. 

7. If a metallic chloride is triturated together with chromate of 
potasaa, the mixture treated with concentrated sulphuric acid in a tubu- 
lated retort, and a gentle heat applied, a deep brownish-red gas is copiously 
evolved (chloroghromio acid, Or 0,01), which condenses into a fluid 
of the same color, and passes over into tbe receiver. If this distillate 
is mixed with ammonia in excess, a yellow-colored liquid is produced ; 
the yellow tint is imparted to the flaid by the chromate of ammonia 
which forms in this process (Or 0, 01 + 2 NH,0 = NH^ 01 + NH, O, 
Or O,). Upon addition of an acid the color of the solution changes 
to a reddish-yellow, owing to the formation of acid chromate of am- 
monia. 

8. In the metallic chlorides insoluble in water and nitric acid the 
chlorine is detected by fusing them with carbonate of soda and potassa, 
and treating^ the fused mess with water, which will dissolve, besides the 
excess of the alkaline carbonate, the chloride of the alkali metal formed 
iu the process of fusion. 

9. If in a bead of phosphate of soda and ammonia on a platinum wire 
oxide of copper be dissolved in the outer blowpipe flame in sufficient 
quantity to make the mass nearly opaque, a trace of a substance contain- 
ing chlorine added to it while still in fusion, and the bead then exposed 
to the reducing flame, a fine' blue-colored flame, inclining to purple, 
will be seen encircling it so long as chlorine is present (BmzELiUB> 

§ 153. 
b. Hydrobromic Acid (HBr). 

1. Brohine is a heavy reddish-brown fluid of a very disagreeable chlo- 
rine-like odor; it boils at 145 '4° F., and volatilizes rapidly even at the 
common temperature. The vapor of bromine is brownish-red. .Bromine 
bleaches vegetable colors like chlorine ; it is pretty soluble in water, 
but dissolves more readily in alcohol, and very freely in ether. The 
solutions are yellowish-red. 

2. Hydrobromic acid gas, its aqueous solution, and the metallic 
BROMIDES ofler in their general deportment a great analogy to the cor- 
responding chlorides. 

3. Nitrate o/ silver produces in aqueous solutions of hydrobromic acid 
or t)f bromides a yellowish- white precipitate of bromide op silver 
(Ag Br), which changes to gray upon exposure to light ; this precipitate 
is insoluble in dilute nitric acid, and somewhat sparingly soluble in 
ammonia, but dissolves with facility in cyanide of potassium. 

4. Nitrate of protoxide of paUadiwrn^ but not protochloride of palla- 
dium, produces in neutral solutions of metallic bromides a reddish-brown 
precipitate of protobromide of palladium (Pd Br). In concentrated 
solutions this precipitate is formed immediately ; in dilute solutions it 
makes its appearance only after standing some time. 

5. Nitric acid decomposes hydrobromic acid and the bromides^ with 
the exception of bromide of silver and bromide of mercury, upon ^ihe 
application of heat, and liberates the bromine, by oxidizing the hydrogen 
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or the metal. The liberated bromine colors the ?olution yellow or yel- 
lowish-red. When operating upon bromides in the solid state or 
ia concentrated solution, brownish-red (if diluted, brownish-yellow) 
vapors of bromine gas escape at the same time, which, if evolved in 
sufficient quantity, condense in the cold part of the test-tube to small 
drops. In the cold, nitric acid, even the red fuming, fails to liberate the 
bromine contained in rather dilute solutions of metallic bromides, nor 
is it liberated by solution of hyponitric acid in hydrated sulphuric 
add, or by hydrochloric acid and nitrite of potassa. 

6. Chlorine, in the gaseotia state or in solutUm, immediately liberates 
bromine in the solutions of its compounds j' the fluid assuming a yel- 
lowisfa>red tint if the quantity of the bromine present is not too minute. 
A large excess of chlorine must be avoided, since this will cause forma- 
tion of chloride of bromine, which will destroy the color wholly or 
nearly sa This reaction is made much more delicate by addition of a 
fluid which dissolves bromine and does not mix with water, as sulphide 
of carbon or chloroform. Mix the neutral or feebly acid solution in a 
test tube with a little of one of these fluids, sufficient to form a large 
drop at the bottom, then add dilute chlorine-water drop by drop, and 
shake the tube. With appreciable quantities of bromine, e.g. 1 part in 
1000 parts of water, the drop at the bottom acquires a reddish-yellow 
tint; with very minute quantities (1 part of bromine in 30,000 parts of 
water), a pale yellow tint, which, however, is still distinctly discernible. 
Ether was formerly used for this reaction ; this agent is hy no means 
80 well suited for it. A large excess of chlorine-water must be avoided 
in this experiment also, and it must always be ascertained first whether 
the chlorine-water, mixed with a large quantity of water and some 
salphide of carbon or chloroform, and shaken, will leave these reagents 
quite uncolored. If not, the chlorine- water is not suited for the intended 
parpose. If the solution of bromine inr sulphide of carbon or chloroform 
(or ether) ia mixed with some solution of potassa, the mixture shaken, 
and heat applied, the yellow color disappears, and the solution now 
contains bromide of potassium and bromate of potassa. By evaporation 
and ignition the bromate of potassa is converted into bromide of potas- 
dom, and the ignited mass may then be further tested as directed in 7. 

7. If bromides are heated with hinoxide of manganese and hydrated 
aulpkuric acid, brownish-bed vapobs of bromine are evolved. Presence 
of chlorides in large proportion is not favorable to the reaction and 
requires addition of some water, and the sulphuric acid to be added 
gradually in very small, quantities. If the bromine is present only in 
very minute quantity, the color of these vapors is not visible. But if the 
mixture is heated in a small retoH, and the evolved vapors Are trans- 
mitted through a long glass condenser, the color of the bromine vapors 
may generally be seen by looking lengthways through the tube, and the 
first drops of the distillate are also colored yellow. The vapors and the 
first drops of the distillate passing over should be received in a test- 
tube containing some starch moistened with water ; since 

8. If moistened starch is brought into contact with free bromine, 
more especially in form of vapor, yellow bromide of starch is formed. 
The coloration is not always instantaneous. The reaction is rendered 
most delicate by sealing the test-tube which contains the moistened 
starch and the fluid under examination, and then cautiously inverting it, 
to as to cause the moist starch to occupy the upper part of the tube 
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whilst the fluid occupies the bottom. The presence of even the slightest 
trace of bromine will now, in the course of from twelve to twenty-four 
hours, impart a yellow tint to the starch, which, however, after some 
time, will again disappear. The reaction m^y be called forth in a simple 
manner, almost with the same degree of delicacy, by gently heating the 
fluid containing some free bromine, or also the original mixture of bro- 
mide, binoxide of manganese, and sulphuric acid, in a very small beaker, 
covered with a watch-glass with a slip of paper attached to the lower 
side, moistened with starch paste, and strewed over with starch powder. 

9. If sulphuric acid is poured over a mixture of a bromide with chrO' 
mate of potassa, and heat is then applied, a brownish-red gas is evolved, 
exactly as in the case of chlorides. But this gas consists of pure bro- 
mine, and therefore the fluid passing over does not turn yellow, but 
becomes colorless upon supersaturation with ammonia. 

10. In the metallic bromides which are insoluble in water and nitric 
acid, the bromine is detected in the same way as 'the chlorine in the 
corresponding chlorides. 

11. If a phosphate of soda and ammonia head saturated tmth oxide of 
copper is mixed with a substance containing bromine, and then ignited 
in the inner blowpipe flame, the flame is colored blue^ inclining to 
GBEEN, more particularly at the edges (Bebzexjus). 

§ 154. 
c. Hydriodio Acid (HI). 

• 

1. Iodine is a solid soft body of a peculiarly disagreeable odor. It is 
generally seen in the form of black, shining, crystalline scales. It fuses 
at a gentle heat ; at a somewhat higher temperature it is converted into 
iodine vapor, which has a beautiful violet-blue color, and condenses upon, 
cooling to a black sublimate. It. is very sparingly soluble in water, but 
readily in alcohol and ether as well as in solution of iodide of potassium 
in water. The aqueous solution is of a light-brown, the alcoholic, 
ethereal, and iodide of potassium solutions are a deep red-brown color. 
Iodine destroys vegetable colors only slowly and imperfectly ; it stains 
the skin brown ; with starch it forms a compound of an intensely 
deep blue color. This compound is formed invariably where iodine 
vapor or a solution containing free iodine comes in contact with starch, 
best with starch-paste. It is decomposed by alkalies, as well as by 
chlorine and bromine. 

2. Ktdriodic acid gas resembles hydrochloric and hydrobromic acid 
gas ; it dissolves copiously in water. The colorless hydrated hydriodic 
acid turns speedily to a reddish-brown in contact with the air, water 
being formed, and a solution of iodine in hydriodic acid. 

3. The IODIDES also correal|K)nd in many respects with the chlorides. 
Of the iodides of the heavy metals, however, many more are insoluble 
in water than is the case with the corresponding chlorides. Many 
iodides have chciracteristic colors, e.g, iodide of lead, subiodide and iodide 
of mercury. 

4. Nitrate of silver produces in aqueous solutions of hydriodic acid 
and of iodides yellowish- white precipitates of iodide of silver (Agl), 
which blacken on exposure to light ; these precipitates are insoluble in 
dilute nitric acid, and veri/ sparingly soluble in. ammonia^ but dissolve 
readily in cyanide of potassium. 
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5. FrotoMoride of paMadium and nitrate of protoodde of paMadium 
produce even in very dilate solutions of hydriodic acid or metallic 
iorlides a brownish- black precipitate of pbotiodide of paxladiuh (Pdl), 
which dissolves to a trifling extent in saline solutions (solution of chlo- 
ride of sodium, chloride of magnesium, &c.), but is insoluble or nearly 
so in dilute cold hydrochloric and nitiic acids. 

6. A solution of 1 part of milphcUe of oxide of copper and 2^ parts of 
svlphate of protoxide of iron throws down from neutral aqueous solu- 
tions of the iodides subiodide op copper (Cu^ I), in the form of a dirty- 
white precipitate. The addition of ammonia promotes the complete 
precipitation of the iodine. Chlorides and bromides are not precipitated 
by this reagent. 

7. Pure nitric add, free from nitrous acid, decomposes hydriodic acid 
or iodides only when acting upon them in its concentrated forui, parti- 
cularly when aided by the application of heat. But nitrotts acid and 
htfponitric add decompose hydriodic acid and iodides with the greatest 
facility even in the most dilute solutions. Colorless solutions of iodides 
therefore acquire immediately a brownish-red color upon addition of 
some red fuming nitric-acid, or of a mixture of this with concentrated 
sulphuric acid, or, better still, upon addition of a solution of hyponitric 
acid in hydrated sulphuric acid, or of nitrite of potassa and some sul- 
phuric or hydrochloric acid. From more concentrated solutions the 
iodine separates under these circumstances in the form of small black 
plates or scales, whilst nitric oxide gas and iodine vapors escapa 

8. As the blue coloration of iodide of starch remains still visible in 
much more highly dilute solutions than the yellow color of solutions of 
iodine in water, the delicacy of the reaction just now described (7) is 
considerably heightened by mixing the fluid to be tested for iodine first 
with some thin clear starch-paste, then adding one or two drops of dilute 
sulphuric acid, to make the fluid acid, and adding finally one or the 
other of the reagents given in 7. Of the solution of hyponitric acid in 
sulphuric acid a single drop on a glass rod suffices to produce the reac- 
tion most distinctly. I can therefore strongly recommend this reagent, 
which was first proposed by Otto. Ked fuming nitric acid must be added 
in somewhat larger quantity, to call forth the reaction in its highest 
intensity; this reagent therefore is not well adapted to detect very 
miniUe quantities of iodine. The reaction with nitrite of potassa also 
is very delicate. The fluid to be tested is mixed with dilute sulphuric 
acid or with hydrochloric acid to distinctly acid reaction, and a drop 
or two of a concentrated solution of nitrite of pota&sa is then added. 
In cases where the quantity of iodine present is very minute the fluid 
turns reddish, instead of blue. An excess of the fluid containing 
nitrous acid or hyponitric acid does not materially impair the delicacy 
of the reaction. As iodide of starch dissolves in hot water to a color- 
less liquid, the fluids must of necessity be cold ; the colder they are 
the more delicate the reaction. To attain the highest degree of deli- 
cacy, cool the fluid with ice, let the starch deposit, and place the test- 
tube upon white paper to observe the reaction (compare also § 157, 
recapitulation and remarks). 

9. Chlorine gas and chlorine-ivater decompose compounds of iodine 
also, setting the iodine free ; but if the chlorine is applied in excess the 
liberated iodine combines with it to colorless chloride of iodina A 
dilute solution of the metallic iodide, mixed with starch-paste, acquires 
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therefore upon addition of a little cblorine- water at once a blae tint, t)iit 
becomes colorless again upon addition of more chlorine^water. As it isi 
therefore difficult not to exceed the proper limit, especially where the 
quantity of iodine present is only small, chlorine-water is not well- 
adapted far the detection of minute quantities of iodine. 

10. If a solution containing hydriodic acid or an iodide is mixed with 
chloroform or sulphide of carbon, so as to leave a few drops undissolved, 
and one of the agents by which iodine is liberated (a drop of a solution 
of hyponitric acid in hydrated sulphuric acid — ^hydrochloric acid and 
nitrite of potassa — chlorine water, <l;c.) is added, the mixture vigorously 
shaken, and then allowed to stand at rest, the chloroform or the sulphide 
of carbon, colored a deeper or lighter violet-red by the iodine dissolved 
in it, separates and subsides to the bottom. This reaction also is ex- 
ceedingly delicate. If a solution containing free iodine is mixed with 
ether, and the mixture shaken, the ether acquires a reddish-brown or 
yellow color. The color imparted to the ether by iodine is much 
more intense than that imparted to that fluid by an equal quantity of 
bromine. 

11. If metallic iodides are heated with concentrated mlpkuric add, 
or with iulphwric add and bmoxide of manganese, or with svlphuric 
add and ch/rornxUe of potassa, iodine separates, which may be known by 
the color of its vapor and, in the case of very minute quantities, also by 
its action upon a slip of paper coated with starch-paste. 

12. The iodides which are insoluble in water and nitric acid comport 
themselves upon fusion with carbonate of soda and potassa in the same 
manner as the corresponding chlorides. 

13. A. phosphate of sdda and ammonia bead, saturated with oxide of 
copper, when mixed with a substance containing iodine, and ignited 
in the inner blowpipe flame, imparts an intense gbeen color to the 
flame. ^ 

§ 155. 

d. Hydrocyanic Acid (HQy).. 

1. Cyanogen is a colorless gas of a peculiar penettating odor ; it bums 
with a crimson flame, and is pretty soluble in water. 

2. Hydrocyanic acid is a colorless, volatile, inflammable liquid, the 
odor of which resembles that of bitter almonds ; it is miseible with water 
in all proportions ; in the pure state it speedily suffers decompositioiu 
It is extremely poisonous. 

3. The cyanides with alkalies and alkaline earths are soluble in water; 
the solutions smell of hydrocyanic acid. They are readily decomposed 
by acids, even by carbonic acid ; but ignition fails to decompose them if 
access of air is excluded. When fused with oxides of lead, copper, anti- 
mony, tin, (fee, the cyanides reduce these oxides, and are converted into 
cyanates. Only a few of the cyanides with heavy metals are soluble in 
water ; all of them are decomposed by ignition, the cyanides of the noble 
metals being converted into cyanogen gas and metal, the cyanides of the 
other heavy metals into nitrogen gas and metallic carbides. Many of 
the cyanides with heavy metals are not decomposed by dilute oxygen 
acids, and only with difficulty by concentrated nitric acid. By heating 
and evaporation with concentrated sulphuric acid all cyanides are decom- 
posed ; hydrochloric acid decomposes a few of them ; hydrosulphuric 
acid decomposes many cyanides. 
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4. The CYANIDES have a great tendency io confbine with each other ; 
hence most of the cyanides of the heavy metals dissolve in cyanide of 
potassium. The resulting compounds are either : 

a. True double salts, compounds of the second order, e.g:y K Oy + Ni Oy. 
From solutions of such double salts acids, by decomposing the cyanide of 
potassium, precipitate the metallic cyanide wliich was combined with it. 
— Or they are : 

h. Simple haloid salts, compounds of the first order, in which a 
metal, e.g,, potassium, is combined with a compound radical consisting 
of cyanogen and another metal (iron, cobalt, manganese, chromium). 
Compounds of this kind are the ferro- and the ferricyanide of potassium, 
KjCyjFeorKjCfy, and K,Cy,FejOrK,Cfdy, cobaJticyanide of potas- 
sium, K^Cy^Co,, ko. From solutions of compounds of this nature dilute 
adds do not separate metallic cyanides in the cold. If the potassium is 
replaced by hydrogen, peculiar hydracids are formed, which must not be 
confounded with hydrocyanic acid. 

We will now first consider the reactions of hydrocyanic acid and the 
simple cyanides, then, in an appendix to this paragraph, those of hydro- 
ferro- and hydroferricyanic acid, 

5. Nitrate of silver produces in solutions of free hydrocyanic acid and 
of cyanides of the alkali metals white precipitates of cyanide of silver 
(AgCy), which are readily soluble in cyanide of potassium, dissolve with 
some difficulty in ammonia, and are insoluble in dilute nitric acid ; these 
precipitates are decomposed by ignition, leaving metallic silver with some 
paracyanide of silver. t 

6. If a solution of sulphate of protoxide of iron which has been for some 
time in contact with the air, is added to a solution of free hydrocyanic 
add no alteration takes place ; but if solviion of potassa or soda is now 
added a bluish-green precipitate forms, which consists of a mixture of 
Prussian-blue (Fe^Cfy,), and hydrate of protosei^uioxide of iron. Upon 
now adding hydrochloric acid (best after preyious application of heat) the 
hydrate of protosesquioxide of iron dissolves, whilst the Pbussian-blOB 
remains undissolved: If only a very minute quantity of hydrocyanic 
acid is present the fluid simply appears green after the addition of the 
Hydrochloric acid, and it is only after long standing that a trifling blue 
pi^pitate separates from it. The same reactions are observed when 
sulphate of protoxide of iron is teixed with the solution of an alkaline 
cyanide, and hydrochloric acid is then added. 

7. If a liquid containing a little hydrocyanic acid or cyanide of potas- 
sium is mixed with sufficient yellow sulphide of ammonium to impart a 
yellowish tint to the fluid, then with a little ammonia, and the mixture is 
warmed in a porcelain dish, with renewal of the water if necessary, until 
it has become colorless, the excess of sulphide of ammonia is decomposed 
or volatilized, the fluid contains now sulphocyanide of ammonium, and 
afier being acidified with hydrochloric acid (which must not be attended 
-vrith disengagement of hydrosulphuric gas), acquires a blood-red tint upon 
addition of sesquiohloride of iron (Liebio). This reaction is exceedingly 
delicate. The following formula expresses the transformation of hydro- 
cyanic acid into sulphocyanide of ammonium: NH^S^ + 2 (NH^O) 
+ 2 H Cy = 2 (N H^ Cy SJ + N H^S + 2 H O. If an acetate is present the 
xeaction takes place only upon addition of more hydrochloric acid. 

8. Neither of the above methods will serve to eflect the detection of 
cyanogen in cyanide of mercury. To detect cyanogen in that compound, 

I. / N * 
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the solution is mixed Vith bydrosulpburio acid : sulphide of mercury 
precipitates, and the solution contains free hydrocyanic acid. In solid 
cyanide of mercury the cyanogen is most readily detected hy heating in 
a glass tube. (Compare 3.) 

Appendix, 

a. ffydroferrocyanic acid (HjCfy). Hydroferrocyanic acid is soluble 
in water. Some of the ferrocyanides, as those containing metals of the 
alkalies and alkaline earths, are soluble in water ; J:)ut the greater part of 
them are insoluble iii that menstruum. All the ferrocyanides are decom- 
posed by ignition ; where they are not quite anhydrous, hydrocyanic acid, 
carbonic acid, and ammonia escape, otherwise nitrogen and occasionally 
cyanogen. In solutions of hydroferrocyanic acid or of soluble ferro- 
cyanides sesquichloride of iron produces a blue precipitate of ferro- 
CTANiDE OF IRON (Fe^Cfy,) ; sulphate o/ oxide of copper a brownish-red 
precipitate of ferrocyanide of copper (Ci\Cfy) : nitrate of silver a 
white precipitate of ferrocyanide of silvSr (AgjCiy), which is insoluble 
in nitric acid and in ammonia, but dissolves in cyanide of potassium. In- 
soluble ferrocyanides of metals are deconitosed by boiling with solution 
of soda, ferrocyanide of sodium being formed and the oxides thrown down, 
unless they are soluble in solution of soda. IWhen heated with 3 parts of 
sulphate and 1 part of nitrate of ammoni^h^y yield sulphates of the 
metals contained in them, the whole of thwyanogen volatilizing in form 
of cyanide of ammonium and the product^ i^ its decomposition (Bolley). 

6. ffydroferricyani^^a^cid (H.^Cidj), HyHroferricyanic acid and many 
of the ferricyanides are soluble in water ; aJl^Terricyanides are decomposed 
by ignition in a similar manner as the ferrocyanides. In the aqueous 
solutions of hydroferricyanic acid and its salts sesquichloride of iron pro- 
duces no blue precipitate ; but sulphate of protoxide of iron produces a 
blue precipitate of protoferricyanidb of iron (3 Fe, Cfdy) ; svlphate 
of copper a yellowish-green precipitate of ferric yanide of coppir 
(3 Cu, CfdyJL which is insoluble in hydrochloric acid ; nitrais of silver 
an orange-ciolpred precipitate of ferric yanide of silver (3Ag, Cfdy), 
which is insoluble in nitric acid, but dissolves readily in ammonia and 
in cyanide of potassium. The insoluhle ferricyanides of metals are de- 
composed by boiling with solution of soda, the metallic oxides being 
thrown down ; in the fluid filtered off" from them either ferrocyanide^ of 
sodium alone is found, ox a mixture of ferro- with ferricyanide of sodium. 
By heating with sulphate and nitrate of ammonia the ferricyanides are 
decomposed the same as the ferrocyanides. 

§ 156. 

e. Hydrosulphuric Acid (HS). 

Sulphuretted Hydrogen, 

1. Sulphur is a solid, brittle, friable, tasteless body, insolublein water. 
It occurs occasionally in the form of yellow or brownish crystals, or 
crystalline masses of a yellow or brownish color, and occasionally in that 
of a yellow or yellowish-white ^or grayish- white powder. It melts at a 
moderate heat ; upon the application of a stronger heat it is converted 
into- brownish-yellow vapors, whi^h in cold air condense to a yellow 
powder, and on the sides of the ve&sel to drops. Heated in the air it 
bums with bluish flame to sulphur6<ls^9x;id^ which betrays its presence 
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in tlie air at once by its suffocating odor. Concentrated nitric acid, 
nitrohydrochloric acid, and a mixture of chlorate of potassa and hydro- 
chloric acid dissolve sulphur gradually, with the aid of a moderate heat, 
and convert it into sulphuric acid ; in boiling solution of soda sulphur 
dissolves to a yellow fluid, which contains sulphide of sodium and hypo- 
sulphite of soda ; in ammonia sulphur is almost absolutely insoluble. 

2. Hydrosulphubic acid, at the common temperature and under 
common atmospheric pressure, is a colorless inflammable gas, soluble in 
water, which may be readily recognised by its characteristic smell of 
rotten eggs ; it transiently imparts a red tint to litmus-paper. 

3. Of the SULPHIDES only those with alkalies and alkaline earths are 
soluble in water. These, as well as the sulphides of iron, manganese, 
and zinc, are decomposed by dilute mineral acids, with evolution of 
bydroBulphuric acid gas, which may be readily detected by its peculiar 
smell, and by its action upon solution of lead (see 4). The decomposition 
of higher sulphides is attended also with separation of sulphur in a 
finely-divided state ; the«'white precipitate may be readily distinguished 
firom similar precipitajifes by its deportment on heating. Part of the 
sulphides of the metalls of the flfth and sixth groups are decomposed by 
concentrated and boiling hydrochloric acid, with evolution of hydrosul- 
phuric acid gas, whilst others are not dissolved by hydrochloric acid, but 
by concentrated and boiling nitric acid. The compounds of sulphur 
'with mercury, gold, and platinum, resist the action of both adds, but 
dissolve readily in nitrohydrochlorio acid. Upon the solution of sul- 
phides in nitric acid, and in nitrohydrochlorio acid, sulphuric acid is 
formed, and the process of solution is moreover attended, in most cases, 
with separation of sulphur. Many metallic sulphides, more especially 
those of a higher degree of sidphuration, give a sublimate of sulphur 
when heated in a test-tube. 

4. If hydrosulphuric acid, in the gaseous state or in solution, is brought 
into contact withnitrate of silver or acetate of lead, black precipitates of 
SULPHIDE OF SILVER or SULPHIDE OF LEAD are formed. In cases there- 
fore where the odor of the gas fails to aflbrd sufficient proof of the 
presence of hydrosulphuric acid, these reagents will remove all doubt. 
If the hydrosulphuric acid is present in the gaseous form the air sus- 
pected to contain it is tested by placing in it a small slip of paper mois- 
tened with solution of neutral acetate of lead and a little ammonia ; if 
the gas is present the slip becomes covered with a brownish«black shining 
film of sulphide of lead. To detect a trace of an alkaline sulphide in 
presence of a free alkali or an alkaline carbonate, the best way is to mix 
the fluid with a solution of oxide of lead in solution of soda, which is 
prepared by mixing solution of acetate of lead with solution of soda imtil 
the precipitate which forms at first is redissolved. 

6. If a fluid containing hydrosulphuric acid or an alkaline sulphide is 
mixed with solution of soda, then with nitroprusside of sodiunhf* it ac- 
qoires a fine reddish-violet tint. The reaction is very delicate ; but that 
with solution of oxide of lead in solution of soda is still more sensitive. 

6. If metallic sulphides are exposed to the oxidizing flame of ike 
blowpipe, the sulphur burns with a blue flame, emitting at the same time 
the well-known odor of sulphurous acid. If a metallic sulphide is heated 
in a glass tube open at both ends, in the upper part of which a slip of 

* Nitroprusside of sodium being a reagent which can_jery well be dispensed with, I 
have omitted giving it a plaqe among the reagents. 

n2 
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blue litmus-paper is inserted, and the tube is held in a slanting position 
during the operation, the escaping sulphurous acid reddens the litmus- 
paper. 

7. If a finely-pulverized metallic sulphide is boiled in a porcelain dish 
with solution of potassa, and the mixture heated to incipient fusion of 
the hydrate of potassa, or if the test specimen is fused in a platinum 
spoon with hydrate of potassa, and the mass is, in either case, dissolved 
in a little water, a piece of bright silver (a polished coin) put into the 
solution, and the fluid warmed, a brownish-black film of sulphide of silver 
forms on the metal. This film may be removed afterwards by rubbing 
the metal with leather and quicklime (v. Kobell). 

8. If the powder of a sulphide which hydrochloric acid will not, or only 
with difficulty, decompose is mi^ed in a small cylinder, or in a wide-necked 
flask, with an equal volume of finely divided iron free from sulphur 
(ferrum alcoholisatum), and some moderately dilute hydrochloric acid 
(1 volume of concentrated acid to 1 volume of water) is poured ov^r 
the mixture, in a layer a few lines thick, hydrosulphuric acid escapes along 
with the hydrogen. This may be easily detected by placing a slip of 
paper moistened with solution of acetate of lead, and dried again, under 
the cork, so that the bottom is covered by it, the ends of tiie slip 
projecting on both sides, and then loosely inserting the cork into the 
mouth of the flask. Eealgar, orpiment^ and molybdenite do not show 
this reaction (y. Kobell). 

§ 157. 

ReccLpitvlation <md remcMrks. — Most of the acids of the first group are 
also precipitated by nitrate of silver, but the precipitates cannot well be 
confounded with the silver compounds of the acids of the second group, 
since the former are solvhle in dilute nitric acid, whilst the latter are 
insoluble in that menstruum. The presence of hydrosulphuric acid 
interferes more or less with the testing for the other acids of the second 
group ; this acid must therefore, if present, be removed first before the 
testing for the other acids can be proceeded with. The removal of the 
hydrosulphuric acid, when present in the free state, may be eflected by 
simple ebullition ; and when present in the form of an alkaline sulphide, 
by the addition of a metallic salt, such as will not precipitate an^ of the 
other acids, or at least will not precipitate them from acid solutions. 
Hydriodic and hydrocyanic acids may be detected, even iu presence of 
hydrochloric or hydrobromic acid, by the equally characteristic and deli- 
cate reactions with starch (with addition of a fluid containing nitrous ' 
acid), and with solution of protosesquioxide of iron. But the detection 
of chlorine aad bromine is more or less difficult in presence of iodine and 
cyanogen. These latter must therefore, if present, be removed first 
before the proper tests for chlorine and bromine can be applied. The 
separation of the cyanogen may be readily eflected by converting the 
whole of the radi<^ present into salts of silver, and igniting the mixed 
compound prod|^iR[ : the cyanide of silver is decomposed in this pro- 
cess, whil|^rilechloride, bromide, and iodide of silver remain unaltered. 
UpoBdMng the ignited residue with carbonate of soda and potassa, 
^m^mmiig the fused mass with water, chloride, bromide, and iodide of 
f^Q alkali metals are obtained in solution. The fused silver compounds 
may also be readily decomposed with zinc ; all that is required for this 
purpose is to pour water over the mixed compound, to add a little sul* 
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pYinric acid and a fragment of zinc, to let the mixture stand some time, 
aad finally to filter the solution of chloride, bromide, or iodide of zinc 
off the separated metallic silver. 

The iodine may be separated from the chlorine and bromine, by treat- 
ing the mixed silver compound with ammonia, but more accurately by 
precipitating the iodine as protiodide of copper. From bromine the 
iodine is separated most accurately by protochloride of palladium, which 
only precipitates the iodine j from chlorine it is separated by nitrate of 
protoxide of palladium. 

Bromine in presence of iodine and chlorine may be identified by the 
following simple operation : Mix the fluid with a few drops of dilute 
sulphuric acic^ then with some starch-paste, and add a little red fuming 
nitric acid or, better still, a solution of hyponitric acid in sulphuric add, 
whereupon the iodine reaction will show itself immediately. Add now 
chlorine-water drop by drop until that reaction has disappeared ; then 
add some more chlorine-water to set the bromine also freoi which may 
then be separated and identified by means of chloroform or bisulphide 
of carbon. Or the liberated iodine may also be taken up with chloroform 
or bisulphide of carbon, and chlorine-water cautiously added, when the 
violet-red coloration imparted by the iodine gradually fades away, and 
after its disappearance the brownish-yellow color given by the bromiue 
is distinctly visible. 

Metallic chlorides are detected in presence of metallic bromides by 
the reaction with chroniate of potassa and sulphuric acid. 
' In conclusion I have to state that, besides the above-mentioned, many 
other agents by which to effect the liberation of iodine have been pro- 
posed, and may be employed ; thus, for instance, iodic acid or alksdine 
iodate and hydrochloric acid (Liebio) ; sesquichloride of iron and sulphuric 
acid, or bichloride of platinum, with addition of some hydrochloric acid 
(H£XP£l) ; permanganate of potassa in slightly acidified solution (Henrt), 
Aa With respect to these agents I have to observe that iodic acid must 
be osed with th^ greatest caution, as a, in presence of reducing substances 
iodine is set free from the reagent, and, 6, an excess of iodic acid will at 
once put an end to the reaction. — Sesquichloride of iron, "with addition 
of sulphuric acid, will not act immediately upon very dilute solutions ; 
bat after a time the reaction will make its appearance, revealing the 
presence of even the minutest trace of iodine ; the delicacy of the re- 
action is not materially impaired by an excess of the reagents. Per- 
manganate of potassa acts immediately, even in the most dilute solutions. 
However, as a fluid colored by minute traces of iodide of starch is also 
apt to look reddish, the coloration imparted by the permanganic acid 
alone may lead to mistakes. From six to twelve hours should therefore 
always be allowed to elapse before judging of the actual nature of the 
coloration. The modus operandi may of course be modified in various 
ways to increase the delicacy of the starch reaction ; interesting par- 
ticalars upon this point, may be found in Mobik's paper on the subject in 
the Journal f. prakt. Chem., 78, 1, and in Hempel's paper, in the AnnaL 
der Chem. and Pharm., 107, 102. * 

§ 158. 
jRcEfer AM% of the Sec<md Cfroup, 

1. NiTBOus Acid (NO,). 
Nitrous ftdd, in the free state, at the common temperature, is a brownish-red gas. 
In contact with water it is oouverted into nitric acid, which dissolves, and nitric oxide 
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gfts, which reinainB undiBflolved, and, where the quantity of water is not very hirge, 
escapes in part (dN0,3:N0^ + 2N0,). The nitrites are decomposed by ignition; 
many of them are soluble in water. When nitrites or concentrated solutions of nitrites 
are treated with dilute sulphuric acid it is not nitrous acid gas which is eyolved, but 
nitric oxide gas, and the evolution is attended with formation of nitric acid. In sola- 
tions of nitrites of the alkalies nitrate of tUver produces a white precipitate, which dis-'; 
solves in a venr large proportion of water, especially upon application of heat ; tulphaU 
of protoxide of iron, upon addition of a small quantity of acid, produces a dark blackish- 
brown coloration, which is due to the nitric oxide gas dissolving in the solution of the 
sulphate of protoxide of iron, ffydrondpkvric acid produces in solutions containing 
nitrous acid, after neutralization by an acid of the free alkali, should any be present, 
a copious precipitate of sulphur, the reaction being attended also with formation of 
nitrate of ammonia. PyrogaUic acid imparts a brown color to even very dilute solu- 
tions of nitrites acidified with sulphuric acid (Schonbein). But the most delicate 
reagent for nitrous acid is solution of iodide of potassium mixed with starch paste, 
especially upon addition of sulphuric acid (Pbioe, Sohonbbin). Water contain- 
ing the one hundred thousandth part of nitrite of potassa, together with free sul- 
phuric acid, is colored distinctly blue by iodide of starch in a few seconds, and a few 
minutes suffice to produce the same effect in water containing as little as one part of 
nitrite of potassa in one million parts of water. Let it be borne in mind that this re- 
action is reliable only where no other substance Ss present that might exercise a 
decomposing action upon iodide of starch, such, for instance^ as iodic acid, sesquioxide 
of iron, &c. 

2. Htpochlobous Acn> (CIO). 

Hypochlorous acid, at the common temperature, is a deep yellowish-gree|i gas of a 
disagreeable irritating odor, similar to that of chlorine, it dissolves in water ; the 
dilute aqueous solution bears distillation. The hypochlorites are usually found in com- 
bination with metaUio chlorides, as is the case, for instance, in chloride of lime, eau de 
Javelle, &c. The solutions of hypochlorites undergo alteration by boiling, the hypo* 
chlorite being resolved into chloride of the metal and chlorate of the oxide, attended, 
in the case of concentrated, but not in that of dilute solutions, with evolution of oxygen. 
If a solution of chloride of lime is mixed with hydrochloric acid or sulphuric acid, chlo- 
rine is disengaged, whilst addition of a little nitric acid leads to the liberation of hypo- 
chlorous acid. Nitrate of silver throws down from solution of chloride of lime chloride 
of silver (the hypochlorite of silver, which forms at first, is speedily resolved into 
chloride of silver and chlorate of silver : 8(AgO, C10)=AgO, C10, + 2 AgCl) : 
nitrate of lead produces a precipitate which from its original white changes gradually 
to orange-red, and ultimately, owing to formation of binoxide, to brown; saits of 
protoxide of manganese give brown- black precipitates of hydrate of binoxide of man- 
ganese. Solution of permanganate of potassa is not decolorized. Solutions of litmMS 
and indigo are. decolorized even by the alkaline solutions of hypochlorites, but still 
more rapidly and completely upon addition of an acid. If a solution of arsenious acid 
in hydrochloric acid is colored blue with indigo tincture, and a solution of chloride of 
lime is added, with active stirring, the decoloration will take place only after the whole 
of the arsenious acid has been converted into arsenic acid. 

3. Chlobous Aom (GIO,). 

Chlorous acid is a yellowish- green gas of a peculiar and very disagreeable odor ; it is 
soluble in water. The solution has an intensely yellow color, even when highly dilute. 
Most of the cblorites are soluble in water ; the solutions readily suffer decomposition, 
the chlorites being resolved into chlorides and chlorates. Nitrate of silver precipitates 
white chlorite of silver, which is soluble in much water. A solution of permanganate 
of potassa is immediately decomposed, and hydrate of sesquioxide of manganese sepa- 
rates after some time. Tincture of litmus and tincture of indigo are instantly decolo- 
rized, even if mixed with arsenious acid in excess. If a slightly acidified dilute solution 
of a saU of protoxide of iron is mixed with a dilute solution of chlorous acid, the fluid 
transiently acquires an amethyst tmt, and assumes only after the lapse of a few seconds 
l^e yellowish coloration of salts of sesquioxide of iron (Lenssbv). 

4. Htfophosphobous Acid (PO). 

. The concentrated solution of hypophosphorous acid is of syrupy consistence, and re- 
sembles that o( phosphorous acid (see § 148), with which it also has this in common, 
that it is resolved by heating, with exclusion of air, into hydrate of phosphoric acid 
and not spontaneously inflammable phbsphuretted hydrogen gas. All hyposulphites 
ttre soluble in water ; by ignition all of them are resolved into phosphate and phos* 
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phnretted hydrogen gas, which in most oases is spontaneously inflammable. Chloride 
of bcarium, chloride of (xdciuMf and acetate of lead fail to precipitate solutions of hypo- 
phosphites (difference from phosphorous acid). Nitrate of silver gives with hypophos- 
phites at first a white precipitate of hypophosphite of silver, which turns black even 
at the common temperature, but more rapidly on heating, the change of color being 
attended with separation of metallic silver. From chloride of mercv/ry in excess hypo- 
phosphorous acid precipitates, slowly in the cold, more rapidly on heating, subchloride 
of mercury. Brought together with zinc and dUvite »ulphuric acid hypophosphorous 
add gives hydrogen gas mixed with *phosphuretted hydrogen. (C]Sompare § 148, phos- 
phorous acid.) 

third group of the inoroaino acid& 

Acids which are not precipitated by Salts of Baryta nor by 
Salts of Silver : Nitric Acid, Chloric Add (Perchloric Acid). 

§159. 
a. Nitric Acid (NO,). 

1. Anhydrous nitric acid crystallizes in six-sided prisms. It fuses 
at 85*2** F., and boils at about 113** F. (Deville). The pure hydrate 
is a colorless exceedingly corroisive fluid, which emits fumes in the air, 
exercises a rapidly destructive action upon organic substances, and colors 
nitrogenous matter intensely yellow. Hydrate of nitric acid containing 
nitrous acid has a red colour. 

2. All the neutral salts of nitric acid are soluble in water; only 
some of the basic nitrates are insoluble in this menstruum. All nitrat^ 
without exception undergo decomposition at an intense red heat. Those 
with alkaline bases yield at first oxygen, and change to nitrites, which 
are then further resolved into oxygen and nitrogen ; the others yield 
oxygen and nitrous or hyponrtric acid. 

3. If a nitrate is thrown upon red-hot chcMrcocd, or if charcoal or some 
organic substance, paper for instance^ is brought into contact with a 
nitrate in fusion, deflagration takes, place, i.e,, the charcoal bums at 
the expense of the oxygen of the nitric acid, the combustion being 
attended with vivid scintillation. 

4. If a mixture of a nitrate with- cyanide of potasdiMn in powder is 
heated on platinum foil, .a vivid deflagration ensues, attended with 
distinct ignition and detonation. Even very minute quantities of nitrates 
may be detected by this reaction. 

6. If a nitrate' is mixed with copper JUings, and the mixture heated 
in a test-tube with concentrated sulphuric acid, the air in the tube 
acquires a yellp wish- red tint, owing to the nitric oxide gas which is 
liberated upon the oxidation of the copper by the nitric acid combining 
with the oxygen of the air to nitrous acid. The coloration may be 
observed most distinctly by looking lengthways through the tube. 

6. If the solution of a nitrate is mixed with an - equal volume of con- 
centrated sulphtiric acid, free from nitric and hyponitric acid, the mix 
ture allowed to cool, and a concentrated solution of sulphate ofprotoxid^^ 
of won then cautiously added to it so that the fluids do not mix, the 
stratum where the two fluids are in immediate contact shows at first a 
purple, afterwards a brown color, or, in cases where only a very minute 
quantity of nitric acia is present, a reddish color. In this process the 
nitric acid is decomposed by the protoxide of iron, three-fifths of its 
oxygen combining with the protoxide and converting a portion of it 
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into sesq^aioxide, whilst the remaining nitric oxide combines with the 
remaining portion of the protoxide of iron, and forms with it a peculiar 
compound, which dissolves in water, imparting a brownish-black color 
to the fluid. A similar reaction is . observed in presenee of selenious 
acid ; iSut on mixing the fluid, and letting it stand, red selenium sepa- 
rates (Wittstock). 

7. If some hydrochloric acid is boiled In a test-tube, one or two drops 
of very dilute aoliUion of indigo and svlphuric acid added, and the mix- 
ture boiled again, the fluid remains blue (provided the hydrochloric acid 
was free from chlorine). If a nitrate, solid or in solution, is now added 
to the faint light-blue fluid, and the mixture heated again to boiling, the 
color disappear owing to the decomposition of the indigo blue. This is 
a most delicate reaction. It must be borne in mind, however, that 
several other substances also cause decoloration of solution of indigo- 
free chlorine more particularly produces this effect. 

8. If a little hTucia is dissolved in concentrated sulphuric acid, and a 
small quantity of a fluid containing nitric acid added to the solution, the 
latt«er immediately acquires a magnificent red color. This reaction is 
exceedingly delicate. 

• 9. Very minute quantities of nitric acid may be detected also by 
reducing the nitric acid first to nitrous acid, which may be effected both 
in the moist and in the dry way ; in the former by heating the solutiou 
of the nitric acid or of the nitrate for some time with finely-divided 
zinc, b^t with zinc amalgam, and then filtering (Sohombbin) ; in the dry 
way by fiising the substance under examination with carbonate of soda 
and potassa at a moderate heat, extracting the mass, after cooling, with 
water, and filtering. Upon adding either of the filtrates to a solutioQ 
of iodide of potassium mixed with starch-paste and dilute sulphuric 
acid, the fluid acquires a bhie color from iodide of starch (comp. 
§ l^S, 1). 

I 160. 
6. Chloric Acid (CIO,). 

1. Chloric acid, in its most highly concentrated solution, is a 
colorl«^3 or slightly yellowish oily fluid ; its odor resembles that of 
nitric acid. It first reddens litmus, then bleaches it. Dilute chlorio 
acid is colorless and inodorous. 

2. All CHLORATES are soluble in water. When chlorates are heated to 
redness, the whole of their oxygen escapes and metallic chlorides remain. 

3. Heated with charcoal or some organic substance the chlorates 
DEFLAGRATE, and this with far greater violence than the nitrates. 

4. If a mixture of a chlorate with cyomide of potassium is heated on 
platinum foil, deflagration takes place, attended with strong deto* 
nation and i^ition, even though the chlorate be present only in very 
small quantity. This experiment should be , made with very minute 
quantities only. 

5. If the solution of a chlorate is colored light-blue with sohUion of 
indigo, in sulphuric acid, a little dilute sulphuric acid added, and a solu* 
tion of sulphite of soda dropped cautiously ii^to the blue fluid, the oolor 
of the indigo disappears immediately. The cause of this equally cha« 
racteristic and delicate reaction is, that the sulphArous acid deprives the 
chloric acid of its oxygen, thus setting free chlorine or a lower oxide of 
ity which then decolorizes the indigo. 
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6. If chlorates are treated with moderate dilute hydrochloric add the 
constituents of the two acids transpose, forming water, chlorine, and 
bichlorochloric acid (2 Q\ 0^ 01 0,). Application of heat promotes the 
reaction. The test-tube in which the experiment is made becomes 
filled in this process with a greenish-yellow gas of a very disagreeablef 
odor resembling that of chlorine; the hydrochloric acid acquires a 
greenish-yellow color. If the hydrochloric acid is colored blue with 
indigo solntion, the presence of v^ry minute quantities of chlorates will 
suffice to destroy the indigo color at once. 

7. If a little chlorate is added to a few drops of concent/rated suU 
phuric add in a watch-glass, two-thirds of the metallic oxide are con- 
verted into a sulphate, and the remaining one-third into perchlorate ; 
this conversion is attended moreover with liberation of chlorochloric 
acid; which imparts an intensely yellow tint to the sulphuric acid, and 
betrays its presence also by its odor and the greenish color of the 
evolved gas [3 (K 0, 01 J + 4 S 0, = 2 (K 0, 2 S O.) + K O, 01 0, + (01 0„ 
GIO^]. The application of heat must be avoided in this^ experiment, 
and the quantities operated upon should be very small, since otherwise 
the decomposition might take place with such violence as to cause an 
explosion. 

$ 161. 

EecapUvIation and rmw/rlcs, — Of the reactions which have been sug- 
gested to effect the detection of nitric acid those with sulphate of prot- 
oxide of iron and sulphuric acid, with copper filings and sulphuric acid, 
with brucia, and also those based upon the reduction of the nitrates to 
nitrites, give the most positive results ; with regard to deflagration with 
charcoal, detonation with cyanide of potassium, and decoloration of solu- 
tion of indigo, we have seen that these reactions belong equally to 
chlorates as to nitrates, and are consequently decisive only where no 
chloric add is present. The presence of free nitric acid in a fluid may 
be detected by evaporating in a porcelain dish on the water-bath to 
dryness, having first thrown in a few quill-cuttings : yellow coloration 
of these indicates the presence of nitric acid (RuNais). The best way 
to ascertain whether chloric acid is present or not is to ignite the sample 
under examination, with addition of carbonate of soda, dissolve the 
mass, and test the solution with nitrate of silver. If a chlorate is 
present, this is converted into a chloride upon ignition, and nitrate of 
sUrer will now precipitate chloride of silver from the solution. How- 
ever, the process is thus simple only if no chloride is present along with 
the chlorate. But in presence of a chloride the latter must be removed 
first by adding nitrate of silver to the solution as long as a precipitate 
continues to form, and filtering the fluid from the precipitate; the 
filtrate is then, after addition of pure carbonate of soda, evaporated to 
dryness, and the residue ignited. It is, however, generally unnecessary 
to pursue this circuitous way, since the reactions with concentrated 
sulphuric acid, and with indigo and sulphurous add, are sufficiently 
marked and characteristic to i^ord positive proof of the presence of 
chloric acid, even in presenoa of nitrates. — ^The best way of detecting 
nitric acid in presence of a large proportion of chloric add is to mix the 
compound under examination with carbonate of soda in excess, evaporate 
ignite ^i^ residue gently, but sufficiently long to convert the chlorate 
into clmride, and then test the residue for nitric acid, or, as the case 
may be^ for nitrous add. 
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§ 162. 

Pebohlorio Aon) (CIO,). 

Pure anhydrous perchloric acid is a colorless mobile fluid, which forms dense 
white fumes in the air, and explodes with great violence when dropped on wood- 
charcoal (Rosoos). The hydrate crystallizes in needles ; the concentrated aqueous 
solution is oily and heavy. The dilute solution gives by distillation first water, then 
dilute acid, and finally concentrated acid. All perchlorates are soluble in water, most 
of them freely. They are all decomposed by ignition, those with alkaline bases leaving 
chlorides behind, with disengagement of oxygen. Salts ofpotctsaa produce in not too 
dilute solutions a white crystalline precipitate of perchlorate of potassa (K O, 01 0,), 
which is sparingly soluble in water, insoluble in spirit of wine. Baryta salts and 
silver salts are not precipitated. Concentrated sulphuric acid fails to decompose per- 
chloric acid in the cold, and decomposes it with difficulty on heating (difference from 
chloric acid). Hydrochloric acid, nitric acid, and sulphurous acid fail to decompose 
aqueous solutions of perchloric acid or perchlorates ; indigo tincture, therefore, pre- 
viously added to it, is not decolorized (difference from all other acids of chlorine). 

IL Organic Acids. 

First Or<yup. 

Acids which are invariably precipitated bt Chloride of Cait- 
ciUM : Oxalic Acid, Tartaric Add (Paratartaric or E^iiceiiiic Acid)^ 
Citric Acid, Malic Add, 

§ 163. 

a. Oxalic Acid. 
For the reactions of oxalic acid I refer to § 145. 

h. Tartaric Acid (2H0,C3H^0J. 

1. The hydrate of tartaric acid forms colorless crystals of an agree-^ 
able acid taste, which are persistent in the air, and soluble in water and 
in spirit of wina Heated to 212^ F., tartaric acid loses no water ; 
heated to 338° F., it fuses; at a higher temperature it becomes carbonized, 
emitting during the process a very peculiar and highly characteristic 
odor, which resembles tl^at of burnt sugar. Aqueous solution of tartaric 
acid^ as also of almost all tartrates, turns the plane of polarization of light 
towards the right. 

2. The tartrates with alkaline base are soluble in water, and so are 
those with the metallic oxides of the third and fourth groups. Evapo^ 
rated on the water-bath to syrupy consistence, the solution of tartrate of 
sesquioxide of iron deposits a pidverulent basic salt. Those of the tar- 
trates which are insoluble in water dissolve in hydrochloric or nitric 
acid. The tartrates suffer decomposition when heated to redness ; char- 
coal separates, and the same peculiar odor is emitted as attends the 
carbonization of free tartaric acid. 

3. If to a solution of tartaric acid, or to that <9f an alkaline tartrate, solu- 
tion of sesquioxide o/i/ron, protoodde of manganese, or alumina is added 
in not too large proportion, and then ammonia or potassa, no precipita* 
tion of sesquioxide of iron, protoxide of manganese or alumina will ensue^ 
since the double tartrates formed are not decomposed by alkalies. Tar- 
taric acid prevents also the precipitation of several other oxides by alkalies. 

4. Free tartaric acid produces with salts of 'potassa, and more particu- 
larly with the acetate, a sparingly soluble precipitate of bitartrate of 
potassa. a similar precipitate is formed when acetate of potassa and 
:&ee acetic acid are added to the solution of a neutral -tartrate. The 
acid tartrate of potassa dissolves readily in alkalies and mineral acids ^ 
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tartaric acid and acetic acid do not increase its solubility in water. The 
separation of the bitartrate of potassa precipitate is greatly promoted by 
shaking, or by rubbing the sides of the vessel with a glass rod. The 
delicacy of the reaction may be heightened by concentrating the solution 
of the tartaric acid. By adding a drop of a concentrated solution of 
acetate of potassa to one or two drops of a highly concentrated solution 
of tartaric add on a watch-glass, and stirring the mixture with a glass 
rod, crystals will at once be deposited on the rubbed part. Addition of an 
equal volume of alcohol heightens the delicacy of the reaction. 

5. Chloride of calcium throws down from solutions of neutral tartrates 
a white precipitate of tartrate op lime (2 Ca O, C, H ^O^^ + 8 aq.). 
Presence of ammoniacal salts retards the formation of this precipitate 
for a more or less considerable space of time. Agitation of the fluid or 
friction on tl^e sides of the vessel promotes the separation of the pre- 
cipitata The precipitate is crystalline, or invariably assumes a crjrstal- 
line form after some time ; it dissolves in a cold not over dilute solution 
of potassa or soda, pretty free from carbonic acid, to a clear fluid. 
But upon- boiling this solution, the dissolved tartrate of lime separates again 
in the form of a gelatinous precipitate, which redissolves upon cooling. 

6. Lime-water produces in solutions of neutral tartrates — and also in 
a solution of free tartaric acid, if added to alkaline reaction — ^white pre- 
cipitates which, flocculent at first, assume afterwards a crystalline form ; 
8o long as they remain flocculent they are readily dissolved by tartaric 
acid as well as by solution of chloride of ammonium. "Erom these solu- 
tions the tartrate of lime separates again, after the lapse of several 
Lours, in the form of small crystals deposited upon the sides of the vfssel. 

7. Solution of sulphate of lime fails to produce a precipitate in a solu- 
tion of tartaric acid ; in solutions of neutral tartrates of the alkalies, it 
produces a trifling precipitate after the lapse of some time. 

8. If solution of ammonia is poured uM^even a very minuteAquantity 
of tartrate of lime, a small fragment ^Hn^ftt^^^^^^ nitrate of silver 
added, and the mixture slowly and gradually heaterf,' the sides of the 
test-tube are covered with a bright coating of metallic silver. If, in- 
stead of a crystal, solution of nitrate of silver be used, or heat be applied 
more rapidly, the reduced silver will separate in a pulverulent form 
(Arthur Casselmann). 

^ 9. Acetate of lead produces white precipitates in solutions of tartaric 
acid and its salts. The precipitate (2 PbO,C,H^O^J dissolves readily 
in nitric acid and in ammonia. 

10. NitraU of silver does not precipitate free tartaric acid; but in 
solutions of neutral tartrates it produces a white precipitate of tartrate 
OF SILVER (2 Ag 0, Cg H^ Oj J, which dissolves readily in nitric acid and 
in ammonia ; upon boiling it turns black, owing to ensuing reduction of 
the silver to the metallic state. 

11. Upon heating hydrated tartaric acid or a tartrate with, hydmie 
of sulphuric add, the latter acquires a brown color almost simultaneously 
with the evolution of gas. 

§ 164. 

c. Citric Acid (3 H 0, C„ H, J. ^^ 

1. Crystallized citric acid, obtained by the cooling of its solution, 
has the formula 3 H O, C^H^ O^^ + 2 aq. It crystallizes in"^ pellucid, 
colorless and inodorous crystals of an agreeable strongly acid taste^ which 
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dissolve readily in water and in spirit of wine, and efflor^l^ slowly in 
the air. Heated to 212° F. the ciystallized acid loses its water of crys- 
tallization ; when subjected to the action of a stronger heat, it fases at 
first, and afterwards carbonizes, with evolation of pungent acid fumes, 
the odor of which may be readily distinguished from that emitted by 
tartaric acid upon carbonization. 

2. The crntATia with alkaline base are readily soluble in water, aa 
well in the neutral as in the acid state ; solution of citric acid therefore 
is not precipitated by acetate of potassa* The compounds of citric acid 
with such of the metallic oxides as are weak bases, sesquioxide of iron, 
for instance, are also freely soluble in water. Evaporated on the water- 
bath to syrupy consistence the solution of citrate of sesquioxide of iron 
deposits no solid salt. Citrates, like tartrates, and for the same reasoui 
prevent the precipitation of sesquioxide of iron, protoxide of manganesei 
alumina, <bc., by alkalies. 

3. Chloride of calcium fiEuls to produce a precipitate in solution of free 
citric acid, even upon boiling ; but a precipitate of nexjtbal citkate of 
LIME (3 Ca 0, C^jIPj^jf «♦- 4 aq.) forms immediately upon saturating with 
potassa or soda the concentrated solution of citric acid, mixed with 
chloride of calcium in excess. The precipitate is insoluble in potassa^ 
but dissolves freely in solution of chloride of ammonium ; upon boiling 
thia^chloride of ammonium solution, neutral citrate of lime of the same 
con3})osition separates again in the form of a white crystalline precipitate^ 
wluch however is now no longer soluble in chloride of ammonium. If 
a solution of citric acid mixed with chloride of calcium is saturated with 
amn^nia, a precipitate will form in the cold only after many hour^ 
staApg ; but upon boiling the clear fluid, neutral citrate of lime of the 
proplgpties just stated will suddenly precipitate. By heating citrate of 
lime wilti'j^monia and nitrate of silver the latter salt is not reduced, 
or only^. a ^t^uxg extent. ^M 

4. Liftie'WCiiter prodnc^. J|Recipitate in cold solutions of eitric acid 
or of citrates. * m^^on l^eaung the solution to boiling, with a tolerable 
excess of hot prepared lime-water, a white precipitate of citrate ov 
XJHB is formed, of which the greater portion redissolves upon cooling. 

5. AcetcUe of lead, when added in excess to a solution of citric acid, 
produces a white precipitate of citratb of lead (3 Pb O, C,^ H, Ojj), 
which, after washing, dissolves readily in ammonia. 

6. Nitrale of silver produces in solutions of neutral citrates of the 
alkalies a white flocculent precipitate of citrate of silver (3 Ag O, 
Cj, H, OjJ, which does not turn black on boiling. 

7. Upon heating citric acid or citrates with concentrated sulphurio 
acid, carbonic oxide and carbonic acid escape at first, the sulphuric acid 
retaining its natural color ; upon continued ebullition, however, the 
solution acquires a dark color, and sulphurous acid is evolved. 

§ 165. 

d. Malic Acid (2H0,C,H,0,). 

1. Hydrate of malic acid crystallizes with great difficulty, forming 
crystalline crusts, which deliquesce in the air, and dissolve readily in 
water and in alcohol. Exposed to a temperature of 302^ F., hydrated 
malic acid is slowly converted into hydrated fumaric acid, with loaa 
of two equivalents of water (2 HO, C,H,OJ; heated to ddC^'F., nudio 
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iund is resolved into water, maleio acid (2 HO, CgH,0^), which vola- 
tilizes, and FUMARic acid (2 HO, OgH,0^), which remains. By raising 
the temperatare to above 392° F. the famaric acid is finally also vola* 
tilized. This deportment of malic acid is highly characteristic. If the 
experiment is made in a small spoon, pangent acid vapors are evolved 
with frothing effervescence ; if the experiment is made in a small tube^ 
* the maleio acid first, and^terwards the fumario acid also will condense 
to crystals in the colder part of the tube. 

2. Malic acid^rms with most bases salts soluble in water. The acid 
malate of potasA is not very difficultly soluble in water ; acetate of 
potassa £u1b therefore to precipitate solutions of malio acid. Malic acid 
prevents, like tartaric acid, the precipitation of sesquioxide of iron, <&c.» 
by alkalies. 

3. Chloride of calcium fails to produce a precipitate in solutions of 
free malic acid. Even after saturation with ammonia or soda no precipi* 
tate is formed. But upon boiling, a precipitate of malate of limb 
(2 OaO, CgH^Og + 6 aq.) separates from concentrated solutions. If the 
precipitate is dissolved in a very little hydrochloric acid, ammonia added 
to the solution, and the fluid boiled, the malate of lime separates again ; 
but if it is dissolved in a somewhat larger quantity of hydrochloric acid, 
it will not reprecipitate, after addition of ammonia in excess, even upon 
continued boiling. Alcohol precipitates it immediately trom a solution 
of the kind. Malate of lime, when heated with ammonia and nitrate 
of silver, &iils absolutely or nearly so to effect the reduction of the latter 
to the metallic state. 

4. Lime-water produces no precipitate in solutions of free malic acid, 
nor in solutions of malates. The fluid remains perfectlv clear even upon 
boUing, provided the lime-water is prepared with boUing water. 

5. Acetate of lead throws down from solutions of msdic ^acid and of 
malates a white precipitate of malatb of lbad (2 PbO, O^H^Og + 6 aq.). 
The precipiltation is the most complete if the fluid is neutralized by 
ammonia, as the precipitate is slightly soluble in free malic acid and 
acetic acid, and also in ammonia. If the fluid in which the precipitate 
is suspended is heated to boiling, a portion of the precipitate dissolves, 
and the remainder fuses to a mass resembling resin melted under water* 
This reaction is distinctly marked only if the malate of lead is tole- 
rably pure ; if mixed with other salts of lead — ^if, for instance, am- 
monia is added . to alkaline reacjtion — it is only imperfect or fails 
altogether to make its appearance. 

6. NitraU of silver throws down from solutions of neutral malates of 
the alkalies a white precipitate of mala^ of silveb, which upon boiling 
turns a little gray. 

7. Upon heating malic acid with concentrated sulphuric acid, carbonic 
acid and carbonic oxide gas are evolved at first ; the fluid then turns 
brown and ultimately black, with evolution of sulphurous acid. 

§ 166. 

JRecapitulation a/nd remarks, — Of the organic acids of this group 
oxalic acid is characterized by the instant precipitation of its lime-salt 
from its solution in hydrochloric acid by ammonia, and also by acetate 
of soda, as well as by the immediate prexsipitation of the free acid by 
solution of sulphate of lime. Tartaric acid is characterized by the 
sparing solubility of the acid potassa salt^ the solubility of the lime- 
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salt in cold solution of soda and of potassa, the reaction of tlie lime-salt 
"with ammonia and nitrate of silver, and the peculiar odor which the acid 
and its salts emit upon heating. It is most safely detected in presence 
of the other acids by means of acetate of potassa (§ 163, 4). Citric acid 
is distinctly characterized by its reaction with lime-water, or with 
chloride of calcium and ammonia in presence of chloride of ammonium. 
But in this the absence or the previous removal of oxalic and tartaric 
acids is always presupposed. Malic acid would be sufficiently charac- 
terized by the deportment of malate of lead when hMkted under water, 
were this reaction more sensitive, and not so easily prevented by the 
presence of other acids. The sftfest means of identifying malic acid is 
to convert it into maleic acid and fumaric acid by heating in a glass 
tube ; but this conversion can be effected successfully only with pure 
hydrate of malic acid. Malate of lead is sparingly soluble in ammonia, 
whilst the citrate and tartrate of lead dissolve freely in that agent ; this 
different deportment of the lead salts of the acids affords also a means of 
distinguishing between them. If only one of the four acids is present 
in a solution, lime-water will suffice to indicate which of the four is 
present ; since malic acid is not precipitated by this reagent, citric acid 
only upon boiling, tartaric acid and oxalic acid already in the cold ; and 
the tartrate of lime redissolves upon addition of chloride of ammonium, 
whilst the oxalate does not. If the four acids together are present in a 
solution, the oxalic acid and tartaric acid are precipitated first by chlo- 
ride of calcium and ammonia, in presence of chloride of ammonium 
(the tartrate of lime separates under these circumstances completely only 
after some time ; it is separated from the oxalate by treating with solu- 
tion of soda) ; the citrate of lime is then thrown down by boiling, and 
the malate finally by means of spirit of wina The precipitate produced 
by spirit of wine must never be taken positively for malate of lime, 
without further proof, since the sulphate and other salts of lime are also 
precipitated by that agent under the same circumstances. Positive con- 
viction can only be attained by the production of hydrate of malic acid 
from the lime-salt. To effect this the precipitate is dissolved in acetic 
acid, spirit of wine added, and the fluid filtered if necessary. The 
filtrate is precipitated with acetate of lead, the fluid neutralized with 
ammonia, the precipitate washed, stirred in water, decomposed by hydro- 
sulphuric acid, and the filtrate evaporated to dryness. Where a small 
quantity of citric acid or malic acid is to be detected in presence of 
a large proportion of tai*taric acid, the best way is to remove the latter 
first by acetate of potassa, with addition of an equal volume of strong 
alcohol. The other acids may jihen be completely precipitated in the 
filtrate by chloride of calcium and ammonia if the quantity of the 
alcohol is a little increased. 

§ 167. 

Raoemio Aoid, or Paeatartabio Aoid (2 ho, CgH^Oj^). 

The formula of crystallized racemic acid is 2 H O, Cg H^ Oj^ + 2 aq. The crystalli- 
zation water escapes slowly in the air, but rapidly at 212° F. (difference between 
racemic acid and tartaric acid). To solvents the racemic acid comports itself Hke the 
tartaric acid. The racemates also show very similar deportment to that of the tar- 
trates. However, many of them differ in the amount of water they contain, and in form 
and solubility from the corresponding tartrates. The aqueous solution of racemic acid 
and the racemates exercises no diverting action upon polarized light. Chloride of 
calcium precipitates from the solutions of free racemic acid and of racemates racematb 
of limb (2 Ca 0, C, H^Oi^ + S aq.), as a white crystalline powder. Ammonia throws 
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dnwn the precipitate from its solution in hydrochloric acid, either immediately or at 
least very speedily (difference between raoeniic acid and tartaric acid). It dissolves in 
solution of soda and potassa, but is reprecipitated from this solution by boiling (difference 
between racemic acid and oxalic acid). lAme-waJter added in excess produces imme> 
diately a white precipitate insoluble in chloride of ammonium (difference between 
laoemic and tartiuric acid). Scl'otion of inUphate of lime does not immediately produce 
a precipitate in a solution of racemic acid (difference between racemic and oxalic acid) ; 
however, after ten or fifteen minutes, racemate of lime separates (difference between 
racemic acid and tartaric acid) ; in solutions of neutral racemates the precipitate forms 
immediately. With salts of potassa racemic acid comports itself like tartaric add. 
By letting racemate of soda and potassa or soda and ammonia crystallize, two kinds of 
crystala are obtained, which resemble each other as the image reflected by the mirror 
resembles the object reflected. The one kind of crystals contain common iEtrtaiic acid 
(which turns the plane of polarization of light towards the right) ; the other kind con- 
tains antitartaric acid, i.e. an acid which is the same in every respect as tartaric acid, 
with this exception only, that it turns the polarized light towards the left. If the 
two kinds of crystals are redissolved, the solution shows again the reactions of racemic 
acid. 

SECOND GROUP OF THE OROANIC ACIDS. 

Acms WHICH Chloride op Calcium pails to precipitate under 
ANT Circumstances, but which are precipitated prom Neutral 
Solutions by Sesquichloride op Iron: Succinic Add, Benzoic 
Acid, 

§ 168. 

a. Succinic Acid (2 HO, O.H.O,). 

1. Hydrate of succinic acid forms colorless and inodorous prisms or 
tables of slightly acid taste, which are readily soluble in water, alcohol, 
and ether, sparingly soluble in nitric acid, and volatilize when exposed 
to the action of heat, leaving only a little charcoal behind. The officinal 
acid has an empyreumatic odor, and leaves a somewhat larger carbona* 
oeous residue upon volatilization. Succinic acid is not destroyed by 
heating with nitric acid, and may therefore be easily obtained in the 
pure state by boiling with that acid for half an hour, by which means the 
oil of amber, if present, will be destroyed. By sublimation crystalline 
needles of silky lustre are obtained. The hydrate loses water in this 
process, so that by re2)eated sublimation anhydrous acid is ultimately 
obtained. Heated in the air succinic acid bums with a blue flame, free 
from soot. 

2. The succinates are decomposed at a red heat ; those which have 
an alkali or alkaline earth for base are converted into carbonates in this 
process, the change being attended with separation of charcoaL Most of 
the succinates are soluble in water. . 

3. SesquicMoride of iron produces in solutions of neutral succinates of 
the alkalies a brownish pale red bulky precipitate of succinate op ses- 
QUioxiDB OP IRON (Fe^Oj, CgH^O,) ; one-third of the succinic acid is 
liberated in this reaction, and retains part of the precipitate in solution 
if the fluid is Altered off hot. The precipitate dissolves readily in mineral 
acids ; ammonia decomposes it, causing the separation of a less bulky 
precipitate of a highly basic succinate of sesquioxide of iron, and com- 
bining with the greater portion of the acid to succinate of ammonia, 
which dissolves. 

4^ Acetate of lead gives with succinic acid a white precipitate of 
neutral succinate of lead (2 PbO, C^H^O^), which is very sparingly 
aoluble in water, acetic acid, and succinic acid, but dissolves freely in 
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solution of acetate of lead and in nitric acid. Treated witli ammonia 
the 'neutral succinate of lead is converted into a basic salt (6PbO, 
C. H,0^ 

5. A mixture of aleohol, ammoniay and soltUion of chloride of barium 
produces in solutions of free succinic acid and of succinates a white pre- 
cipitate of SUCCINATE OP BABYTA (2 BaO, CgH^OJ. 

6. Nitrate 0/ suboxide 0/ mercury and nitrate of silver also precipitate 
the succinates ; the precipitates, however, are not possessed of any charac- 
teristic properties. 

§ 169. 
J. Benzoic Acid (HO, Cj^H.O,). 

1. Pure HYDRATE OF BENZOIC ACID forms inodorous white scales or 
needles, or simply a crystalline powder. It fuses when heatetf, and 
afterwards volatilizes completely. The fumes of benzoic acid cause a 
peculiar irritating sensation in the throat, and provoke coughing ; when 
cautiously cooled, they condense to brilliant needles ; when kindled, thej 
bum with a lumiuotts sooty flame. The common officinal hydrate of 
benzoic acid has the odor, of benzoin, and leaves a small carbonaceous 
residue upon volatilization. Hydrate of benzoic acid is very sparingly 
soluble in cold water, but it dissolves pretty freely in hot water and in 
alcohol. Addition of water imparts therefore a milky turbidity to a 
saturated solution of benzoic acid in alcohoL 

2. Most of the bemzoates are soluble in water ; only those with weak 
bases, e,g,y sesquioxide of iron, are insoluble. The soluble benzoates have 
a peculiar pungent taste. The addition of a strong add to concentrated 
aqueous solutions of benzoates displaces the benzoic acid, which separates 
as hydrate in the form of a dazzling white sparingly soluble powder. 
Benzoic acid is expelled in the same way from the insoluble benzoates by 
such strong adds as form soluble salts with, the bases with which the 
benzoic acid is combined. 

3. Sesquichloride of iron precipitates solutions of free benzoic acid 
incompletely ; solutions of neutral benzoates of the alkalies completely. 
The precipitate of benzoate op sesquioxide op ibon [2 Fe, O^ 
3 (Cj^Hj03)+ 15 aq.], is bulky, flesh-colored, insoluble in water. It is 
decomposed by ammonia in the same manner as succiuate of sesquioxide 
of iron, from which salt it diflers in this, that it dissolves in a little 
hydrochloric acid, with separation of the greater portion of the ben- 
zoic acid. 

4. AceiiaJte of lead fails to precipitate free benzoic acid and benzoate of 
ammonia, at least immediately ; but it produces white flocculent preci- 
pitates in solutions of beuzoates with a flxed alkaline base. 

5. A mixture of alcohol, a/mmonia, and solution of cJdoride of ba/rium 
produces no precipitate in solutions of free benzoic acid or of the alkaline 
benzoates. 

§ 170. 

Recapitulation a/ad remarks, — Succinic and benzoic acids are distin- 
guished from all other acids by the facility with which they may be 
sublimed, and by their deportment with sesquichloride of iron. They 
are distinguished from one another by the diflerent color of their salts 
with sesquioxide of iron, and also by their different deportment with 
chloride of barium and alcohol; but principally by their different degrees 
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of solubility^ succinic acid being rea^diXj' soluble in water, whilst benzoic 
add is veiy difficult of solution. Succinic acid is seldom perfectly pure, 
and may therefore oiien be detecited by the odor of oil of amber which 
it emits. 

The detection of the two sici4s, when present in the same solution 
with other acids, jpoay be effected as follows : precipitate with sesqui- 
chloride of iron^ warm the washed precipi^te with ammonia, filter, 
concentrate the ^djation, divide it into twQ parts, and mix PAe part with 
hydrochloric acid, the other with chloride of barium and alcohol. 

Succinic acid and benzoic acid do not prevent the precipitation of ses- 
quiozide of iron, alumina^ dec, by alkalies. 

THIBP GiUMJP OJF THE OB^^mC ACy>S. 
AcmS WHICH AB£ NOT PBEGIPITATED BT ChLOBIDE OF OaLCIXTK KOR 

BT Sesquichlobide OF Ibon : Acetic Acid, Formic Acid (Lactic Acid, 
Propionic Acid, Butyric Add). 

§ m. 

a. Acetkj Acid (H0,C^H,0J|. 

1. The HYDBATE OF ACETIC ACID forms transparent crystalline scales, 
which fuse at 62'6^ F. to a colorless fluid of a peculiar pungent and pene- 
trating odor, and exceedingly acid taste. When exposed to the action of 
heat it volatilizes completely, forming pungent inflammable vapors, which 
bum with a blue flame. It is miscible with water in all proportions ; 
it is to such mixtures of the acid with water that the name of acetic 
add is commonly applied. The hydrate of acetic add is also soluble 
in alcohoL 

2. The ACETATES undergo decomppsition at a red heat; among the 
products of this decompodtion we generally find hydrate of acetic acid, 
and almost invariably acetone (0^ JS, O J. The acetates of the alkalies 
and alkaline earths are converted into carbonates in this process ; . of the 
acetates with metallic bases many leave the metal behind in the pure 
state, others in the form of oxide. Most of the reddues which the 
acetates leave upon ignition are carbonaceous. Nearly all acetates dis- 
solve in water and in alcohol; most of them are readily soluble in water, 
a few only are difficult of solution in that menstruum. If acetates are 
distilled with dilute sulphuric acid, the free acetic acid is obtained in the 
distillate. 

3. If iesqmchhride of iron is added to acetic add, and the add is then 
nearly saturated with ammonia, or if a neutral acetate is mixed with 
sesquiohloride of iron, the fluid acquires a deep dark red color, owing to 
the formation of acetate of resquioxidb of ibon. By boiling the 
fluid becomes colorless if it contains an excess of acetate, the whole of 
the sesquioxide of iron precipitating as a basic acetate, in the form of 
brown-yellow flakes. Ammonia precipitates from it tiie whole of the 
sesquioxide of iron as hydrata By addition of hydrochloric add a fluid 
which appears red from the presence of acetate of sesquioxide of iron 
turns yellow (difference from sulphocyanide of iron). 

4. Neutral acetates (but not free acetic acid of a certain degree of 
dilution) give with nitrate of sUver white crystalline predpitates of 
acetate of silyeb (AgO, O^HgO,), which are very sparingly soluble 
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in cold water. They dissolve more easily in hot water, but separate 
again upon cooling, in the form of very fine crystals. Ammonia dis- 
solves them readily ; free acetic acid does not increase their solubility 
in water. 

5. Nitrate ofa^vthoxide of mercury produces in solutions of acetic acid, 
and more readily still in solutions of acetates, white scaly crystalline 
precipitates of acetate op stjbozide of mercury (Hg, O, C^ H, O,), 
which are sparingly soluble in water aud acetic acid in the cold, but dis- 
solve without difficulty in an Excess of the precipitant. The precipitates 
dissolve in water upon heating, but separate again upon cooling, in the 
form of small crystals ; in this process the salt undergoes partial decom- 
position : a portion of the mercury separates in the metallic state, and 
imparts a gray color to the precipitate. If the acetate of suboxide of 

•mercury is boiled with dilute acetic acid, instead of water, the quantity 
of the metallic mercury which separates is exceedingly minute. 

6. CIdoride of mercury produces no precipitate of subchloride of mer- 
cury with acetic acid or acetates upon heatiug. 

7. By heating acetates with concentrated sulphuric add hydrate op 
ACETIC ACID is evolved, which may be known by its pungent odor. 
But if the acetates are heated with a mixture of about equal volumes of 
concentrated sulphuric add and alcohol, acetic ether (C^ H^ O, C^ H^ O^) 
is formed. The odor of this ether is highly characteristic and agreeable; 
it is most distinct upon shaking the mixture when somewhat cooled, aud 
is much less liable to lead to mistakes than the pungent odor of the 
free acetic acid. 

8. If acetates are distilled with dilute sulphuric acid, and the distillate 
is digested with an excess of oodde of lead, part of the latter dissolves 
as basic acetate of lead, which may be readily recognised 'by its alkaline 

.reaction, 

§ 172. 

I. Formic Acid (HO, C, HO J. 

1. The HYDRATE OP FORMIC ACID is a transparent and colorless 
slightly fuming liquid of a characteristic and exceediugly penetrating 
odor. When cooled to below 32° F., it crystallizes in colorless plates. 
It is miscible in all proportions with water and with alcohol. When 
exposed to the action of heat, it volatilizes completely; the vapors are 
inflammable and bum with a blue flame. 

2. The FORMATES, like the corresponding acetates, leave upon ignition 
either carbonates, oxides, or metals behind, the process being attended 
with separation of charcoal, and escape of carbide of hydrogen, carbonic 
acid, and water. All the compounds of formic acid with bases are 
soluble in water ; alcohol also dissolves many of them, but not all. 

3. Formic acid shows the same reaction with sesquichloride of iron 
•as acetic acid. 

4. Nitrate of silver fails to precipitate free formic acid, and decom- 
poses the alkaline formates only in concentrated solutions. The white 
sparingly soluble, crystalline precipitate of formate of silver (AgO, 
CjHOj) acquires very rapidly a darker tint, owing to the separation of 
metallic silver. Complete reduction of the oxide of silver to the me- 
tallic state takes place, even in the cold, after the lapse of some time ; 
but immediately upon applying heat to the fluid containing the preci- 
pitated formate of silver. The same reduction of the oxide of silver to 
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tbe metallic state takes place in a solution of free formic acid, and also 
in solutions of formates so dilate that the addition of the nitrate of 
silver fails to produce a precipitate in them. But it does not take place 
- in presence of an excess of ammonia. The rationale of this reduction 
is as follows : the formic acid, which may be looked upon as a compound 
of carbonic oxide with water, deprives the oxide of silver of its oxygen, 
thus causing the formation of carbonic acid, which escapes, and of water, 
whilst the reduced silver separates in the metallic state. 

5. yitrate ofmboxlde ofmercwry gives no precipitate with free formic 
acid ; but in concentrated solutions of alkaline formates this reagent 
produces a white sparingly soluble precipitate of formate op suboxide 
OP MERCURY (HgjO, CjHOj), which rapidly becomes gray, owing to the 
separation of metallic mercury. Conjplete reduction ensues, even in the 
cold, afber the lapse of some time, but is immediate upon application of 
heat. This reduction is also attended with the formation of carbonic 
acid and water, and takes place, the same as with the oxide of silver, 
both in solutions of free formic acid and in fluids so highly dilute that 
the formate of suboxide of mercury is retained in solution. 

6. If formic acid or an alkaline formate is heated with chloride of 
mercury to from 140° to 158° F. subchloride op mercury precipitates. 

• Presence of free hydrochloric acid or of somewhat considerable quan- 
tities of alkaline chlorides will prevent the reaction. 

7. If formic acid or a formate is heated with concentrated sulphuric 
acid the formic acid is resolved into water and carbonic oxide gas, which 
latter escapes with effervescence and, if kindled, burns with a blue flame. 
The fluid does not turn black in this process. The rationale of the 
decomposition of the formic acid is this : the sulphuric acid withdraws 
from the formic acid the water or the oxide necessary for its existence, 
and thus occasions a transposition of its elements (C^H O^ = 200 + HO). 
Upon heating formates with dilute sulphuric acid in a distilling appa- 
ratus free formic acid is obtained in the distillate, and may mostly be 
readily detected by its odor. Upon heating a formate with a mixture 
of sulphuric acid and alcohol formic ether is evolved, which is charac- 
terized by its peculiar arrack-like smell. 

8. If dilute formic acid is heated with oxide of lead, the latter dissolves. 
On cooling the solution, which, if necessary, is concentrated by evapora- 
tion, the FORMATE OF LEAD (FbO, OgHO,) Separates in brilliant prisms 
or needles. 

§ 173, 

Recapitvlaiion amd remrnks, — Acetic acid and formic acid may be dis- 
tilled over with water, and form with sesquioxide of iron soluble neutml 
salts which dissolve in water, imparting to the fluid a blood -red color, 
and are decomposed upon boiling. These reactions distinguish the two 
acids of the third group from the other organic acids. From each other 
the two acids are distinguished by the odor of their hydrates and ethyl© 
compounds, and by their different reactions with salts of silver and salts 
of mercury, oxide of lead, and concentrated sulphuric acid. The separa- 
tion of acetic acid from formic acid is effected by heating the mixture of 
the two acids with an excess of oxide of mercury or oxide of silver. 
Formic acid reduces the oxides, and suffers decomposition, being resolved 
into carbonic oxide and water ; whilst the acetic acid combines with the 
oxides, forming acetates, which remain in solution. 

o 2 
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§ 174. 

JSorer Adds of ike third group of Organic Acidt, 

1. Laotio Acid (2H04C„HioO|J. 

ImctAC acid is developed in aDimal fluids, yegetable matteiB that have turned soar, 
kc. Pure hydrate of lactic acid is an inodorous syrupy liquid ; it has a sour and 
Mting taste. When it is slowly heated in a retort to 266'' F., water containing a 
little hydrated lactic acid distils over, leaving a residue of anhydrous lactic acid 
(CiiHi^Oio), which at a temperature between 482"* F. and 572** F. is decomposed into, 
carbonic oxide, carbonic acid, lactide, and other products. — ^Hydrate of lactic acid 
dissolves freely in water, alcohol, and ether. Upon boiling the aqueous solution a little 
lactic acid volatilizes along with the aqueous vapour. All the lactates are soluble in 
water, the greater part of them, however, only sparingW ; it Ib the same with resard 
,to spirit of wine ; but they are all insoluble in edier. The production of some of tnese 
salts and the inspection and examination of their form under the microscope supply the 
means for the detection of lactic acid ; lactate of lime and lactate of anno are the best 
suited for this purpose. Lactate of lime nay be conveniently prepared from animal or 
vegetable liquids by the following method devised by Schbber : — Dilute the liquid, if 
necessary, vrith water, mix with baryta- water, and filter. Distil the filtrate with some 
sulphuric acid (to remove volatile acids), digest the residue several days with strong 
alcohol, distil the acid solution with a little milk of lime, filter warm from the excess 
of lime and the sulphate of lime, conduct carbonic acid into the filtrate, heat once more 
to boiling, filter from the precipitated carbonate of lime, evaporate the filtrate^ warm 
the residue with strong alcohol, filter, and let the neutral filtrate stand several days to 
give the Uctate of lime time to crystsJlize. Should the quantity of lactic acid present 
be insufficient to allow the formation of crystals, evaporate tiie fluid to syrupy oon- 
sistenoe, mix with strong alcohol, let the mixture stand some time, decant or filter the 
alcoholic solution into a vessel tiiat can be closed, and add gradually a small quantity 
of ether. The process will cause even minute traces of lactate of lime to separate from 
the fluid. Lactate of lime shows under the microscope the form of minute crystalline 
needles aggregated in tufts with short stalks, pairs of them always being joined at the 
stiUked ends, so as to look likebrushes united together. — Lactate of zinc deposited quickly 
from its solution shows under the microscope the form of spherical groups of needles. 
The slow evaporation of solution of lactate of zinc gives first crystals resembling 
clubs truncated at both ends ; these crystals gradually increase in size ; the two ends 
apparently diminish, whilst the middle parts increase in size (Funks). 

2. Pbofionio Aon) (H O, C^H^ 0^, and Butibio Acid (H 0, G^HfO,). 

Pbopionio aoid is formed under a great variety of circumstances ; it is chiefly found 
in fermented liquids. The pure hydrate of the acid crystallizes in minute plates ; it 
boils at from 284"* F. to 287 '6** F. ; it dissolves readily in water. Propionic acid floats 
as an oily stratum on aqueous solution of phosphoric acid and on solution of chloride 
of calcium. It has a peculiar smell, which reminds both of butyric and acetic acid. 
Upon distilling the aqueous solution, the pro];»onic acid passes over into the distillate. 
BuTTBio AOID is frequenUy found in animal and vegetable matter, more par^ularly also 
in fermented liquids of various kinds. The pure hydrate of the acid is a colorless, 
mobile, corrosive, intenselv sour fluid, of a disagreeable odor, a combination of the 
smell of rancid butter and acetic acid ; it boils at 820^ F. It is miscible in all pro- 
portions with water and alcohol. It is separated from the concentrated aqueous solu- 
tion by chloride of calcium, concentrated acids, &c., in the form of a fluid oil. The 
smell of butyric aoid is particularly strong in the aqueous solution of the acid. 
Upon distilling the aqueous solution, the acid passes over along with the aqueous 
vapors. 

Propionic acid and butyric acid are often found associated with formic add and 
acetic acid in fermented liquids, in guano, and in many mineral waters. The de- 
tection of the several acids may in such cases be effected as follows : dilute the substance 
sufficiently with water, acidify with sulphuric acid, and distil ,* saturate the distillate 
with baryta- water, evaporate to dryness, and treat the residue repeatedly with boiling 
alcohol of 85 per cent. This will leave the formate of baryta and part of the acetate, 
the remainder of the acetate, together with the propionate and butyrate, dissolving in 
the alcohol. Evaporate the alcoholic solution, dissolve the residue in water, decom- 
pose cautiously with sulphate of silver, boil, filter, and let the fluid (which ought 
rather to contain a litUe undecomposed baryta salt than any sulphate of silver) evapo- 
rate under the desiccator. Take out separately the crystals which form first, those which 
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fonn after, and those whicli form last^^and examine them to asoertain their nature. 
Acetate of silver emits npou solution in concentrated sulphuric acid the odor of acetic 
acid, and gives no oily drops ; propionate and butyrate of silver emit the peculiar odor 
of the acids, and give oily drops, which, however, with minute quantities are visible 
only under the microscope. To distinguish positively between propionic and butyric 
acid, it is indispensable to determine the amount of silver in the separated silver salti, 
sod to fix by this the atomic weight of the adds. If much acetate of baryta has passed 
into the solution, with a small quantity only of butyrate and propionate, the baryta is 
first completely precipitated with sulphuric acid from the aqueous solution elf the 
haiyta salts soluble in alcohol, half of the acid fluid neutralized with soda, the other 
half added, the fluid then distilled, the distillate, which now contains principally pro- 
pionic and butjrric acids, saturated with baryta, then decomposed with sulphate of 
sUveri and the remaining part of the process conducted as above. 
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OOUBSE OF QUALFTATIYE ANALYSIS IN OENBRAI^ AND ON THE PLAN OT 

tma PABfr of th^ fresisnt work in paktioulaiu 

The knowledge of reagents and of the deportment and reaction of other 
bodies with theim enables ns to ascertain at once whether a simple com- 
poimd of which the physical properties permit an infer^oe a9 to its 
nature, is in reality what we suspect it to be. Thus, for instance, a few 
simple reactions suffice to show whether a body which appdam to b«' 
oaloareous spar is really carbonate of Ume^ and that another whi^ we 
hold to be gypsum ia actually sulphate of lima This knowledge usuidly 
Boffiees also to ascertain whether a certain body is present or not in a 
compound ; for instance, whether oi^ not a white powder contaitis sub- 
chloride of mercury. But if our design is to ascertain the chemical 
nature of a substance entirely unknown to us — if We wish to discover 
aU the constituents of a mixtiire or chemical compound^f we intend 
to prove that^ besides certain bodies which we have detected in a mix- 
ture or compound, no other substance ocm possibly be present^— if 
consequently a compteU qwdikiitwe emtdyiig is our object, the mere 
knowledge of the reagents, aiid of the reactions of other bodies with 
them, will not sufBce for the attainment of this end ; this requires the 
additional knowledge of a systematic and progressive course of analysis, 
in other words, the knowledge of the order and tuoeeseww in whidi 
solvents, and general and special reagents, should be applied, both to 
effect the speedy and certain detection of every component element of a 
compound or mixture, and to prove with certainty the absence of all 
other substances. If we do not possess the knowledge of this system 
matic course, or if^ in the hope of attaining our object more rapidly, we 
adhere to no method whatever in our investigations and experiments^ 
analyzing becomes (at least in the hands of a novice) mere gues#-work, 
and the results obtained are no longer the fruits of scientific calculation, 
but mere matters of accident, which sometimes may prove lucky hits^ 
and at others tdtal fkUures. 

Every analytical investigation must therefore be based upon a definite 
method. But it is not by any means necessary t^t this method should 
be the same in all cases. Practice, reflection, and a due attention to 
circumstances will, on the contrary, generally lead to the adoption of 
different methods for different oases. However, all analytical methods 
agree in this^ that the substances present or supposed to be present in a 
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compound or mixture are in the first place classed into certain groups, 
which are then again subdivided, until the individual detection of the 
various substances present is finally accomplished. The diversity of 
analytical methods depends partly on the order and succession in which 
reagents are applied, and partly on their selection. 

Before we can venture upon inventing methods of our own for indi- 
vidual cases, we must first make ourselves thoroughly conversant with 
a certain definite course or system of chemical analysis in general. This 
system must have passed through the ordeal of experience, and must be 
adapted to every imaginable case, so that afterwards, when we have 
acquired some practice in analysis, we may be able to determine which 
moidification of the general method will in certain given cases most 
readily and rapidly lead to the attainment of the object in view. 

The exposition of such a systematic course, adapted to all cases, tested 
by experience, and combining simplicity with the greatest possible secu- 
rity, is the object of the First Section of the second part of this work. 

The elements and compounds comprised in it are the same which we 
have studied in Part I., with the exception of those discussed more 
briefly, and marked by the use of smaller type. 

The First Section of the Second Part consists of practical ufSTRUC^ 
TIONS IN ANALYSIS, wherein I have laid down a systematic course which, 
with due care and attention, will, by progressive steps, lead speedily and 
safely to the attainment of the end in view. 

The subdivisions of this practical course aite, 1, Preliminary examina- 
tions ; 2, Solution ; 3, Actual examination. 

. The third subdivision (the actiuil examination) is again subdivided 
into, (1) Examination of compounds in which but one base and one acid 
are assumed to be present ; and, (2) Examination of mixtures or com* 
pounds in which aU the substances treated of in the present work are 
assumed to be present With respect to the latter section I have to. 
remark that where the preliminary examination has not clearly demon* 
strated the absence of certain groups of substances, the student cannot 
safely disregard any of the paHgraphs to which reference is made in 
consequence of the reactions observed. In cases where the intention is 
simply to test a compoimd or mixture for certain substances, and not ta 
ascertain all its constituents, it will be easy to select the particular num^ 
bers which ought to be attended to. 

As the construction of a universally applicable systematic course of 
analysis requires due regard to, and provision for, every contingency 
that may possibly arise, it is self-evident that, though in the system here 
laid down the various bodies comprised in it have been assumed to be 
mixed up together in every conceivable way, it was absolutely indis- 
pensable to proceed throughout upon the supposition that no foreign 
organic matters whatever were present, since the presence of such matters 
would of course tend to prevent or obscure many reactions, and variously 
modify others. 

Although the general analytical course laid down here is devised and. 
arranged in a manner to suit all possible contingencies, with a very few 
exceptions, still there are special cases in which it may be advisable to 
modify it. A preliminary treatment of the substance is also sometimes 
necessary, before the actual analysis can be proceeded with ; the presence 
of coloring or slimy organic matters more especially requires certain 
preliminary operations. 
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The Second Section of this Part will be found to contain a detailed . 
description of the special methods employed to effect the - analysis of a 
few important compounds and mixtures which chemists are frequently 
called upon to examine. Some of these methods show how the analy- 
tical processes become simplified as the number of substances decreases 
to which regard must be had in the analysis. 

In conclusioUi as an intelligent and successful pursuit of analysis is 
possible only with an accurate knowledge of the principles whereon the 
detection and separation of bodies depend, since this knowledge alone 
can furnish the student with a guide to the selection of the proper re- 
agents, and the order in which they ought to be applied, I have given in 
the Third Section of the Second Part an explanation and elucidation of 
the general analytical process, with numerous additions to the practical 
operations. As this third section may properly be regarded as the key 
to the first and second sections, I strongly recommend students to make 
themselves early and thoroughly acquainted with it. I have devoted a 
special section to this theoretical explanation of the process, as I think 
it will be understood better in a connected form than it would have been 
by explanatory additions to the several paragraphs, which, moreover, 
might have materially interfered with the plainness and perspicuity of 
the plan of the practical process. 

I have also in this third section taken occasion to point out in what 
residues, solutions, precipitates, &c., which are obtained in the systematic 
course of analysis, the more rarely occurring elements may be expected 
to be met with j and also to give instructions how to proceed with a 
yiew to ensure the detection of these bodies also systematically. 



SECTION L 

PRACTICAL PROCESS FOR THE ANALYSIS OP COMPOUNDS 

AND MIXTURES IN GENERAL. 

I. Pkeliminart Examination.* 

§ 175. 

1. Examine, in the first place, the physical properties, such as the It 
color, shape, hardness, gravity, odor, &c., of the substance intended 
for analysis, since these will often enable you in some measure to 
infer its natura Before proceeding to the application of any chemical 
process, you must always consider how much of the substance to be ana- 
lysed you have at command, since it is necessary, at this early period of 
the examination, to calculate the quantity which may safely be used in 
the preliminary investigation. A reasonable economy is in all cases 
advisable, even though you may possess the substance in large quantities ; 

* Consult also the obseryations and additions in the Third Section of Part II, 
t These mai^nal numbers are simply intended to facilitate reference* 
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but, under all circumstanceB, let it be ft fixed rule never to use at odo6 
the whole of what you poasess of a substance, but always to keep a por* 
tion of it for unforeseen contingencies, and for confirmatory experiments. 

A. The Sodt under Exahikation is Scud. 

« 

I. It is keitheb a Pubs Metal kob an Allot. 

§ 176. 

1. The substance is fit for examination if in powder or in minute 2 
crystals ; but in the case of larger crystals or solid pieces, a portion 
must, if practicable, be first reduced to fine 'powder. Bodies of the 
softer kind may be triturated in a porcelain mortar ; those of a harder 
nature must first be broken into small pieces in a steel mortar, or 
upon a steel anvil, and the pieces then be triturated in an agate 
mortar. 

2. Put some of the powder into a glass tube, sealed at one 3^ 
end, about six centimetres long and five millimetbes wide, and 
HEAT first gently over the spirit or gas-lamp, then intensely in the 
blowpipe flame. The reactions resulting may lead to many positive or 
probable conclusions regarding the nature of the substance. The follow- 
ing are the most important of these reactions, to which particular 
attention ought to be paid ; it often occurs that several of them are 
observed in the case of one and the same substance. 

a. The substance bemains unaltered : absence of organic 4 
matters, salts contaiuing water of crystallization, readily fiisible 
matters, and volatile bodies. 

b. The substance does not fuse at a modebate heat, but 5 
SIMPLY CHANGES COLOR. From white to yellow, turning white 
again on cooling, indicates oxide of zinc ; from white to 
yellowish brown, turning to a dirty light yellow on cooling, indi- 
cates BINOXIDE OF tin \ if the color changes from white to brown- 
ish-red, turning to yellow on cooling, and the body is fusible at a 

. red heat, this indicates tiie presence of oxide of lead ; if the color 
changes from white, or pale yellow, to orange yellow, or to a deeper 
and more reddish tint up to reddish-brown, turning pale yellow on 
cooling, and the body fuses at an intense red heat, this indicates the 
presence of teroxide of bismuth ; if the color changes from red to 
black, turning reddish-brown again on cooling, this indicates the 
presence of sesquioxide of iron ; if the color changes from yellow 
. to dark orange, and the body fuses at an intense heat, this 
indicates ^teutral chromate of potassa, ta, 

c. The substance fuses without exfclsion of aqueous 6 
VAPORS. If by intense heating, gas (oxygen) is evolved, and a 
small fragment of charcoal thrown in is energetically bopsumed, 
nitrates or cfiLORATES may be assumed to be presenti 

d. Aqueous vapors are expelled, which condense in the 7 
COLDER PART OF THE TUBE : this indicates the presence either 

(a) of SUBSTANCES CONTAINING WATER OF CRYSTALLIZATION, in 

which case they will generally readily fuse, and re-solidify after 
expulsion of the water ; many of these swell considerably whilst 
yielding up their water, e. g. (borax^ alum) ; or {fi) of decomposable 
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HYDRATES, in whicb case the bodies often will not fase ; or (y) of 
anhydrous salts, holding water mechanically enclosed between 
their lamellsB — in which case the bodies will decrepitate ; or (^) of 
bodies with moisture externally adhering to them. 

Test the reaction of the condensed fluid in the tube ; if it is 
alkaline, ammonia may be assumed to be present ; if acid, a volatile 
acid (sulphuric acid, sulphurous acid, hydrofluoric acid, hydro- 
chloric, hydrobromic, hydriodic acids, nitric acid, Ac). 

«. Gases or fumes escape. Observe whether they have a 8 
(solor, a smell, an acid or alkaline reaction, whether they are 
inflammable, dbc. 

aa. OxYaEN. The disengagement of this gas indicates the 
presence ^f peroxides, chlorates, nitrates, dbc. A glimmeriDg slip 
^ wood 48 relighted in the gaseous current. 

lib. Sulphurous acid. This is often produced by the decom- 
position of sulphates ; it may be known by its peculiar odor and 
by its acid reaction. 

ix. Hyponitric acid, resulting from the decompocdtion of 
nitrates, especially with oxides of the heavy metals ; it may be 
known by the brownish-red oolor of the fumes. 

dd, OARBCWiC ACID. The evolution of carbonic acid indicates 
the presence of carbonates deoom][>osable by heat. The gas evolved 
is colorless and tasteless, non^nflammable ; a drop of lime- 
water on a watch-glass becomes tui'bid on exposure to the gaseous 
current. 

ee. Carbonic oxide gas. The escape of this gas indicates the 
presence of oxalates and also of formates. The gas bums with 
a blue flame. In the case of oxalates the carbonic oxide 
evolved is generally mixed with carbonic acid, and is therefore 
more<lifficult to kindle : in the case of formates the evolution of 
the gas is attended with marked carbonization. Oxalates evolve 
carbonic acid when brought into contact with binoxide of man- 
ganese, a little water, and some concentrated sulphuric acid, on a 
watch-glass ; formates evolve no carbonic acid under similar cir- 
cumstancea 

ff. Cyanogen. The evolution of cyanogen gas denotes the 
presence of cyanides decomposable by heat. The gas may be 
known by its odor, and by the crimson flame with which it bums. 
gg, Hydrosulphuric acid gas. The escape of hydrosul- 
phuric acid gas indicates the presence of sulphides containing 
water ; the gas may be readily known by its odor. 

hk. Ammonia, resulting from the decomposition of ammoniacal 
salts, or also of cyanides or nitrogenous organic matters, in which, 
latter cases browning or carbonization of the substance taJses place, 
and either cyanogen or offensive empyreumatic oils escape 
with the ammonia. 

/ A sublimate forms. This indicates the presence of^vola- 9 
tile bodies : the following are those more frequently met with : — 
eta. Sulphur. Eliminated from mixtures or froifTmanyof the 
metallic sulphides. Sublimes in reddish-brown drops, which. 
solidify on cooling, and turn yellow or yellowish-brown. 

lib. Ammonia sat/ts give white sublimates ; heated with soda 
and a drop of water on platinum-foil they evolve ammonia. 
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cc Mebcubt and compounds of mercury. Metallic hercubt 
forms globules ; sulphide of mercury is black, but acquires a 
red tint when rubbed ; chloride of mercury fuses before vola- 
tilizing; SUBCHLORIDB OF MERCURY sublimes without prsvious 
fusion ; the sublimate^ which is yellow whilst hot, turns 
white on cooling. The red iodide of mercury giyes a. yellow 
sublimate. 

dd. Arsenic and compounds of that metaL Metallic arsenic 
forms the well-known arsenical mirror; arsenious acid forms 
small shining crystals ; the sulphides of arsenic give sublimates 
which are reddiah-yellow whilst hot, and turn yellow on cooling. 
ee. Teroxide of antimony fuses to a yellow liquid before 
subliming. The sublimate consists of brilliant needles. 

ff. Benzoic acid and succinic acid. These may be known by 
the odor of their fumes.. 

gg. Hydrated oxalic acid. White crystalline sublimate, 
thick fumes in the tube. Heating a small sample on platinum- 
foil with a drop of concentrated sulphuric acid gives rise to 
a copious evolution of gas. 

y. Carbonization takes place: organic substances. This 10 
is always attended with evolution of gases (acetates evolve 
acetone) and water, which latter has an alkaline or acid reac- 
tion. If the residue effervesces with acids, whilst the original 
substance did not show this reaction, organic acids may be 
assumed to be present in combination with alkalies or alkaline 
earths. 
3. Place a small portion of the substance on a charcoal U 
fiUPPORT (in the cavity Iscooped out for the purpose), and expose to 

THE INNER BLOWPIPE FLAME. 

As most of the reactions described under 2 (3 — 10) Rre aLso produced 
by this process, I will here enumerate only those which result more par- 
ticularly and exclusively from its application. Evolution of sulphurous 
acid, when the flame plays upon the sample orthecoial, generally indicates 
the presence of a sulphide. The following are the reactions which 
will permit pretty accurate conclusions. 

a. The body fuses, and is absorbed by the charcoal 12 
OR FORMS A BEAD IN THE CAVITY, not attended by incrusta- 
tion : this denotes more particularly the presence of salts of 
the alkalies. 

h. An INFUSIBLE WHITE RESIDUE REMAINS On the charcoal, 13 
either at once or after previous melting in the water of crys- 
tallization. This indicates more particularly the presence of. 
baryta, strontia, lime, magnesia, alumina, oxide of zinc (which 
appears yellow whilst hot), and silicic acid. Among these sub- 
stances STRONTIA, LIME, MAGNESIA, and OXIDE OF ZINC Rre dis- 
tinguished by strong luminosity in the blowpipe flame. Moisten 
the white residue with a drop of solution of nitrate of protoxide 
of cobalt, and expose again to a strong heat. If the mass assumes 
a fine blue tint this indicates the presence of alumina ; if a red- 
dish tint, of MAGNESIA ; if a green color, of oxide of zinc If 
SILICIC ACID is present the mass also assumes a faint bluish tint, 
which must not be confounded with that proceeding from the 
presence of alumina. 



PEBLIMINAET EXAMINATION. 2 Of 

In the case a or 6 the preliminary examination for alkalies and 
alkaline earths may be completed by inspecting the colors which 
the substances impart to flame. For this purpose a little of the 
substance is attached to the loop of a fine platinum wire, 
moistened repeatedly* with sulphuric acid, dried cautiously near 
the border of the flame, and then held in the fusing zone of 
Bunsen's gas-flame. The colorations caused by the alkalies will 
make their appearance first, followed — after volatilization of the 
alkalies, by that of baryta, and finally — rafter moistening with 
hydrochloric acid — by those of stroi^tia and lime. For details 
see § 92 and § 99. 

c The substance leaves As infusible besidue dp 14 

ANOTHER COLOR, OR REDUCTION TO/ THE METALLIC STATE TAKES 
PLACE, OR AN INCRUSTATION ^FORMS ON THE CHARCOAL. Mix 

a portion of the powder with carbonate of soda, and heat on char- 
coal in the reducing flame ; observe the residue in the cavity, 
as well as the incrustation on the charcoal. 

a* The sustained application of a strong flame produces a 15 
metallic globule, without incrustation of the charcoal ; this 
indicates the presence of gold or copper. The oxides of 
platinum, iron, cobalt, and nickel are indeed also reduced, 
but they yield no metallic globules. 

fi. The charcoal support is coated with an incrustation, 16 
either with or without simultaneous formation of a metallic 
globule. 

CM. The incrustation k white, at some distance from the test 
specimen, and is very readily dissipated by heat, emitting a 
garlic-like odor : arsenic. 

bh. The incrustation is wMte, nearer the test specimen than 
in aa, and may be driven from one part of the support to 
another : antimony. Metallic globules are generally observed 
at the same time, which continue to evolve white fumes long 
after the blowpipe jet is discontinued, and upon cooling become 
surrounded with crystals of teroxide of antimony ; the globules 
are brittle. 

cc. The incrustation is yellow whilst hot, but turns white on 
cooling ; it is pretty near the test specimen, and is with diffi- 
culty volatilized : zinc. 

dd. The incrustation has a faint yellow tint whilst hot, but 
turns white on cooling ; it surrounds the test specimen, and 
both the inner and outer flame fail to volatilize it : tin. The 
metallic globules formed at the same time, but only in a strong 
reducing flame, are bright, readily fusible, and ductile. 

ee. The incrustation has a lemori-yeUow color, turning on 
cooling to sulphur-yellow ; heated in the reducing flame it 
leaves its place with a blue gleam : lead. Readily fusible, 
ductile globules are formed at the same time with the incrus- 
tation. 

ff. The incrustation is of a dark orange-ydlow color whilst 
hot, which changes to lemon-yellow on cooling ; heated in the 
reducing flame it leaves its place ' without a* blue gleam •: bis- 
muth. Tlie metallic globules formed at the same time as the 
incrustation are readily fusible and brittle. 
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gg. The incnutation is reddisb-brown, in thin layers, orange- 
yellow ; it volatilizes without a oolored gleam : capmiuic 

M. The incrustation is <iark-red : fiiLYsa. Where lead and 
antimony are present at the same time, the uici*ustation is 
crimson. In cases where a reduetibn to the vnetallic state has 
taken place, moisten the sample with water, scoop it out, tritu- 
rate in a small agate ilish, and wash off the eha^rcoal particles 
with water — when the gold will be obtained in yellow, the 
copper in coppery-red, tJbue silver in nearly white, the .tin in 
grayish-white, the lead in whitish-gray minute pliktes or strips, 
the bismuth as a reddish-gray, the ziuc as a bluish-white, the 
antimony as a gray powder. When coj^r and tin, or copper 
and zinc, are present at the same time, yellow alloys ace 
oooasionally formed. 

4. Fuse a siiall portion together wrra a bead of miobo- 17 

COSMIC SALT, AND EXPOSE FOB SOME TIME TO THE OUTER FLAME 
QF THE BLOWPIPE. 

o* The substance dissolves readily and bather copiously 

TO A CLEAB BEAD (WHILST HOT). 

a. The hot head is colored : 18 

Blue, by candlelight inclining to violet — cobalt ; 

Qbeen, upon copling blue ; in the reducing flame, after 
cooling, red— copper ; 

Oreen, particularly fine on cooling, unaltered in the reducing 
flame-— CHROMIUM ; 

Brownish-red, on cooling light yellow or colorless ; in the 
reducing flame red whilst hot, yellow whilst cooling, then 
greenish — iron ; 

Dark-yellow to REDDISH, tuming lighter or altogether 
colorless on cooling; in the reducing flame unaltered — 
nickel; 

Yellowish- BROWN, on cooling changing to light yellow or 
losing its color altogether ; in the redncing flame almost 
coloriess (especially after contact with tin), blackish-gray 
on cooling — bismuth ; 

Bright yellowish to opal, when colcl rather dull ; in the 
reducing flame whitish-gray — silver ; 

Amethyst-red, especially on cooling ; colorless in the 
reducing flame, not quite clear — MANaANESE. 
j3.. The hot bead is colorless : 19 

It remains clear on ooolino : antimony, alumina, zinc, 
cadmium, lead, lime, magnesia; the latter five metals, 
when added in somewhat large proportion to the micro- 
cosmic salt, give enamel-white beads ; the bead of oxide 
of lead saturated is yellowish ; 

It becomes enamel-white on cooling, even where only 
a smaller portion of the powder has been added to 
the microcosmic salt : baryta, strontia. 

b. The substancos diss(»*7ES slowly and only in s^iall 20 

QUANTITY : 

a. The bead is colorless, and remains so even after cooling ; 
the undissolved portion looks semi-transparent ; upon fuidition of 
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a little sesquioxide of iron it acquires the characteristic color 
of an iron bead : silicic acid. 

,)3. The bead is colorless, and remains so after addition of a 
little sesquioxide of iron : tin. 
c. The substance does not dissolve, but floats (in the 21 

METALLIC state) IN THE BEAD : G^LD, PLATINUM. 

5. Minerals are examined for fluorine as directed 
§ 146, 8. 

As the body under examination may consist of a mixture of the 
most dissimilar matters, it is impossible to give well defined cases that 
shall offer at the same time the advantage of general applicability. I^ 
therefore, reactions are observed in an experiment which proceed from a 
combination of two or several cases, the conclusions drawn from these 
reactions must of course be modified accordingly. 

After the termination of the preliminary examination, proceed to the 
solution of the substance^ as directed § 180 (32)* 

§177. 
IL The Substance is a Metal or an Allot. 

1. Heat a small portion of the substance with water aci- 22 
dulated with acetic acid. 

If HYDROGEN GAS is evolved this indicates the presence of a 
light metal (possibly also of manganese in the metallic state). 

2. Heat a sample of tbw: substance on charcoal in the 23 
BBDUCiNO FLAME OF THE BLOWPIPE, and watch the reactions ; for 
instance, whether the substance fuses, whether an incrustation is 
formed, or an odor emitted, &o. 

By this operation the following metals may be detected with greater 
or leas certainty : Arsenic by the smell of garlic ; Mercury by its 
fluidity; Antimony, zinc, lead, bismuth, cadmium, tin, silver, by 
fusing, with incrustation of the charcoal (com p. 16); Copper by the green 
ooloration of the outer flame. Further conclusions can be formed only in 
cases where the substance contains only one metal, and this in a state of 
purity or approaching purity ; thus, for instance, gold fuses without 
incrustation ; platinum, iron, manganese, nickel^ and cobalt, if 
pure, do not fuse in the blowpipe flame. 

3. Heat a sample of the substance before the blowpipe 24 
in a glass tube sealed at one end. 

a. No sublimate is formed in the colder part of TH9 
tube : absence of mercury. 

b, A sublimate is formed : presence of mercury, cadmium, or 
ABSENia The sublimate of mercury, which consists of small glo- 
bules, cannot possibly be confounded with that of cadmium or 
arsenic. 

After the termination of the preliminary examination^ proceed to the 
solution of the substance as directed § 181 (42)* 

§178. 

B. The Substance under Examination is a Flxtid« 

1. Evaporate a small portion of the fluid in a platinum 25 
dish, or in a small porcelain crucible, to ascertain whether it actually 

L P 



210 PBELIMINARY EXAMINATION. 

contains any matter in solution ; if a residue remains^ examine this 
as directed § 176. 

2. Test with litmus-paper (blue and red). 26 

a. The fluid reddens blue litmus-paper. This reaction 
may be caused by a free acid or an acid salt, as well as by a 
metallic salt soluble in water. To distinguish between these two 
cases, pour a small quantity of the fluid into a watch-glass, and dip 
into it a small glass rod, after moistening the extreme point of the 
latter with dilute solution of carbonate of soda ; if the fluid remains 
clear, or if the precipitate which may form at first, redissolves upon 
stirring the liquid, this proves the presence of a free acid or of an 
acid salt ; but if the fluid becomes turbid and remains so^ this 
generally denotes the presence of a soluble metallic salt. 

6. Eeddened litmus-paper turns blue : this indicates the 27 
presence of a free alkali or an alkaline carbonate, free alkaline 
earths, alkaline sulphides, and of a number of other salts con- 
taining an alkali or, may be, an alkaline earth, in combination 
with a weak acid. 

3. Smell the fluid, or, should this fail to give satisfactory 28 
results, distil, to ascertidn whether the simple solvent present is 
water, alcohol, ether, &c. If you find it is not water, evaporate the 
solution to dryness, and treat the residue as directed § 176. 

4. If the solution is aqueous, and manifests an acid reaction, 29 
dilute a portion of it largely with water. Should this impart 

a milky and turbid appearance to it, tke presence of antimony, 
bismuth (possibly also of tin) may be inferred. Comp. § 121, 9, 
and § 131, 4. 

After the termination of the preliminary examination, proceed to 30 
the actual examination. If the solution is aqueous, with neutral 
reaction, it can only contain substances soluble in water ; but if it 
has an acid reaction, arising from the presence of free acid, the actual 
examination must be conducted with due regard to the possible presence 
also of bodies soluble in acids, though insoluble in water. Proceed 
accordingly with neutral aqueous solutions as directed § 182, with acid 
solutions as directed § 185, if you are quite sure that there is only one 
acid and one base present ; but where there is reason to suppose the 
presence of several bases and acids, proceed as directed § 189. With 
fluids of alkaline reaction, proceed as directed § 182, unless there be 
reason to suppose the presence of more than one acid and more than one 
base^ when the instructions given in § 189 must be followed. 

II. Solution of Bodies, or Classification op Substances, ac- 
cording to their Deportment with Certain Solvents.* 

§ 179. 

Water and acids (hydrochloric acid, nitric acid, aqua regia) are 31 
the solvents used to classify simple or compound substances, and to 
isolate the component parts of mixtures. We divide the various 
substances into three classes^ according to their respective deportment 
with these solvents. 

First class. — Substances soluble in water. 

* Consult the remarkfl in the third section. 
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Second doss. — Substances insoluble ob sparingly soluble 

IN WATEB, but soluble in CTDROCHLOBlb ACID, NITRIC ACID^ OB 
AQUA REGIA. 

Third dass, — Substances insoluble or sparingly soluble in 

WATER AS well AS IN HYDROCHLORIC ACID, NITRIC ACID, AND 
AQUA REGIA. 

The solution of alloys being more appropriately effected in a different 
maoDer from that pursued with other bodies, I shall give a special 
method for these substances (see § 181). 

The process of solution is conducted in the following manner. 

A. The Substance under Examination is neither a Metal nor 

AN ALLOY. 

§ 180. 

1. Put about a gramme (15*45 grains) of the finely pulverized 32 
substance under examination into a small flask or a test-tube, 

add from ten to twelve times the amount of distilled water, and 

beat to boiling over a spirit or gas-lamp. 

a. The substance dissolves completely. In that case it 33 
belongs to the first class ; r^ard must be had to what has 
been stated in the chapter on the preliminary examination (30) 
with respect to reactions. Treat the solution either as directed 
§ 182, or as directed § 189, according as either one or several 
acids and bases are supposed to be present. 

h. An insoluble residue remains, even after protracted 34 
boiling. Let the residue subside, and filter the fluid off*, if 
practicable in such a manner as to retain the residue in the 
test-tnbe ; evaporate a few drops of the clear filtrate on platinum 
foil j if nothing remains, the substance is completely insoluble in 
water ; in which case proceed as directed (35)* ^^^ if ^ residue 
remains, the substance is at least partly soluble ; in which case boil 
again with water, filter, add the filtrate to the original solution, 
and treat the fluid, according to circumstances, either as directed 
§ 182, or as directed § 189. Wash the residue with water, 
and proceed as directed (35)* 

2. Treat a small portion of the residue which has been boiled 35 
with water (34) with dilute hydrochloric acid. If it does not 
dissolve, heat to boiling, and if this fails to effect complete solution, 
decant the fluid into another test-tube, boil the residue with concentrated 
hydrochloric acid, and, if it dissolves, add the solution to the fluid in 
the other test-tube. 

The reactions which may manifest themselves in this operation, and 
which ought to be carefully observed, are, (a) Effervescence, which 
indicates the presence of carbonic acid or hydrosulphuric acid ; (/9) Evo- 
lution of chlorine, which indicates the presence of peroxides, chro- 
mates, <ka ; (y) Emission of the odor of hydrocyanic acid, which indicates 
the presence of insoluble cyanides. The analysis of the latter bodies 
being effected in a somewhat different manner, a special paragraph 
will be devoted to them (see § 204). 

a. The residue is <;ompletelt dissolved by the htdro- 36 
CHLORIC ACID (except perhaps that sulphur separates, which 
may be known by its color and light specific gravity, and may, 

p2 
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after boiling some time longer, be removed by filtration ; or tbafc 
gelatinous hydrate of silicic acid separates). Proceed, according as 
there is reason to suppose the presence of one or of several bases 
and acids, either as directed § 185, or as directed § 190, after previous 
filtration if necessary. The body belongs to the second class. To 
make quite sure of the actual nature of the sulphur^ or hydrated 
silicic acid filtered off, examine these residuary matters as 
directed § 188, or as directed § 203. 

h, Thebe is still a besibub left. Tn that case put aside 37 
the test-tube containing the specimen which has been boiled 
with the hydrochloric acid, and try to dissolve another sample 
of the substance insoluble in water, or already extracted with 
water, by boiling with nitric acid, and subsequent addition of water. 
Evolution of nitric oxide, or nitrous acid, by the action of the 
nitric acid, shows that a process of oxidation is taking place. 
And for the rest proceed as in (36)* 

a. The sainple is completely dissolved, or lea/oes no other 38 

residus hut svlphv/r or the gda4,vnou8 hydrate of silicic acid ; 

in this case also the body belongs to the second class. Use 

this solution to test further for bases, as directed § 185, or, as 

the case may be, § 189, III. (109-) 

/3. Afier boiling with nitric add there is still a residue 39 

lefi. 
Pass on to (40)« 

3. If the residue insoluble in water will not entirely dissolve 40 
in hydrochloric acid nor in nitric acid, try to effect complete solution 

of it by means of nitro-hydrochloric acid. To this end mix the 
contents of the tube treated with nitric acid with the contents of the 
tube treated with concentrated hydrochloric acid ; heat t^e mixture 
to boiling, and should this fail to effect complete solution, decant the 
clear fluid off from the undissolved residue, boil the latter for some 
time with concentrated nitro-hydrochloric acid, and add the decanted 
solution in dilute aqua regia as well as the solution in dilute hydro- 
chloric acid decanted in (35)« Heat the entire mixture once more to 
boiling, and observe whether complete solution has now been effected, or 
whether the action of the concentrated nitro-hydrochloric acid has still 
left a residue. In the latter case filter the solution — if necessary after 
addition of some water* — wash the residue with boiling water, and 
proceed with the filtrate, and the washings added to it, as directed § 185, 
or as directed § 190 ; — in the former case proceed with the clear 
solution in the same way.t 

4. If boOing nitro-hydrochloric acid has left an undissolved residue, 41 

* If the fluid turns turbid upon addition of water, thi? indipates the presence of bis- 
muth or antimony ; the turbidity will disappear again upon siddition of hydrochloric 
acid. 

f Where the acid solution on cooling deposits acicular crystals, the latter generally 
consist of chloride of lead : it is in that case often advisable to decant the fluid ofif the 
crystals, and to examine the fluid and crystals separately. Where on boiling with 
aqua regia metastannic chloride has been foimed from binoxide of tin, the washing 
water, dissolving this, becomes turbid on dropping into the strongly acid fluid which 
has run off first. In that case receive the washing water in a separate vessel, and 
treat the two solutions separately with hydrosulphuric acid as directed in § 190, but 
filter afterwards through the same filter. 
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wash it thoroughly with water, and then proceed as directed § 188, 
or as directed § 203, according as there is reason to suppose the 
presence of only one or seveiul bases and acids. 

B. Thb Substance itndeb Examination is a Metal ob 
, AN Allot. 

§181. 

The metals are best classed according to their respective behaviour 42 
vith nitric acid : this gives us, 

I. Metals whioh are not attacked by nitric acid : gold, 
platinum. 

XL Metals which are oxidized by nitric acid, but of which 

THE oxides do NOT DISSOLVE IN AN EXCESS OF THE ACID NOR IN WATER : 

antimony, tin. 
III. Metals which are oxidized by nitric acid and converted 

IITTO NITRATES, WHICH DISSOLVE IN AN EXCESS OF THE ACID OR IN 

WATER : all the other metals. 

Pour nitric acid of 1 '20 sp. gr. over a small portion of the metal 
or alloy under examination, and apply heat. 

1. Complete solution takes place, either at once or upon 43 
ADDITION OF WATER ; this proves the absence of platinum,* gold, 
antimony, t and tin. Proceed either as directed § 185, or as in- 
structed § 189^ IIL (109)^ according as there is reason to suppose the 
presence of only one or of several metals. 

2. A RESIDUE IS LFJ^. 

a, A metallic residue. Filter, and treat the filtrate as directed 44 
§ 189, III. (109)^ after having seen, in the first place, whether 
anything has really been dissolved. Wash the residue 
thoroughly, to firee it from all dissolved metals, dissolve in nitro- 
hydrochloric acid, and test the solution for gold and platinum, 
according to the instructions given in § 128. 

5. A white pzUvenUent residue ; this indicates the presence 45 
of ANTIMONY and TIN. Filter, ascertain whether anything has 
been dissolved, then treat the filtrate as directed § 189, IIL 
(109)- Wash the residue thoroughly, then test for teroside of 
ANTIMONY, BiNOXiDE OF TIN, and ARSENIC ACID, according to the 
instructions given in § 134, 5. Part, at least, of the arsenic acid is 
always found in this precipitate, combined with teroxide of antimony 
and binoxide of tin. 

* Alloys of silver and platinam, with the latter metal present in small proportion 
only, dissolve in nitri^ acid. 

t Very minute traceii of anttmony, however, are often completely dissolved by nitric 
acid* 
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III. Actual Examination. 

Simple Compounds* 

A. Substances soluble in water. 

Detection of the Base,\ 

% § 182. 

1. Add some hydrochloric acid to a portion of the aqueous solu- 46 
tion. 

a. No PRECIPITATE IS FORMED ; this is a positive proof of the 
absence of silver and suboxide of mercury, and is likewise an 
indication of the probable absence of lead. Pass on to (50)- 

6. A PRECIPITATE IS FORMED. Divide the fluid in which 47 
the precipitate is suspended into two portions, and add ammo- 
nia in excess to the one. 

a. The precipitate redissoheSf cmd the fluid becomes dea/r ; this 
shows the precipitate to have consisted of chloride of silver, and 
is consequently indicative of the presence of silver. To arrive 
at a positive conviction on this point, the original solution must 
be tested with chromate of potassa, and with hydrosulphuric 
acid (see § 115, 4, and § 138, 6). 

/3. The precipitate turns black : this shows the precipitate 48 
to have consisted of subchloride of mercury, which has now 
been converted by the ammonia into ammonio-chloride of 
mercury ; it is consequently indicative of the presence of suboxide 
OF MERCURY. To Set all doubt on this point at rest, test the 
original solution with protochloride of tin, and with me- 
tallic copper (see § 116). 

y. The precipitate remains tmaltered ; it consists in that 49 
case of chloride of lead, which is not dissolved by ammonia ; 
this reaction is accordingly indicative of the presence of 
LEAD. Whether the precipitate consists really of chloride of lead 
or not is conclusively ascertained : 1st, by diluting the second 
portion of the fluid in which the precipitate produced by hydro- 
chloric acid is suspended, with a large amount of water, and 
applying heat j the precipitate must dissolve if it consists of 
chloride of lead ; and 2nd, by adding dilute sulphuric acid 
to the original solution (§ 117, 8). 
2. Add to the fluid acidified with hydrochloric acid solution of 50 
hydrosulphuric acid until it smells distinctly of that gas, even after 
shaking, heat the mixture, add some more solution of hydrosul- 
^ phuric acid, and let it stand a short time.(. 

* This term is used here, and wherever it happens to occur hereafter in the present 
work, to designate compounds supposed to contain OTi\y one base and one acid, or one 
metal and one non- metallic element. The principal object of this chapter is to facilitate 
instruction in analysis, as it is advantageous that the examination of complex com- 
pounds should be preceded by the analysis of simple compounds. In actual practical 
analyses, use can be made of this chapter only exceptionally, as there exists no outward 
sign by which to judge whether a substance contains only one base or acid, or several. 

f Arsenious and arsenic acids, and silicic acid, are included here. 

4: If a precipitate forms immediately upon addition of solution of hydrosulphuric 
acid, it is unnecessary to apply heat, &c. ; but if the fluid remains clear, or is rendered 
only slightly turbid, the above course of proceeding must be strictly followed, to 
guard against the risk of overlooking arsenic acid and binoxide of tin. 
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a. The fluid remains cl^ar. Pass on to (56)> since this is a 
proof that lead, bismuth, copper, cadmium, oxide of mercury, gold, 
platinum, tin, antimony, arsenic, and sesquioxide of iron are not 
present. ^^ 

6. A PRECIPITATE IS FORHM. 

a. This precipitate is white ; it consists in that case of 51 
separated sulphur, and is indicative of the presence of ses- • 
QUioxiDE OF IRON (§ 111, 3). Howev^r, as the separation 
of sulphur jnay also be caused by other substances, it is indis- 
pensable thai; you should satisfy yourself whether the substance 
present is rea}ly sesquioxide of iron or not. For this purpose 
test this solut^n with ammonia, and with ferrooyanide of 
potassium (§ 111, 5 and 6). 

/3. The precipitate is yellow ; in this case it may con- 52 
sist either of sulphide of cadmium, sulphide of arsenic, 
or bisulphide of tin ; it indicates accordingly the presence of 
either cadmium, arsenic, or binoxide of tin. To distinguish 
between them, mix a portion of the fluid wherein the precipitate 
is suspended with ammonia in excess, add some sulphide of am- 
monium, and heat. 

oa. The precipitate does not dissolve ; it consists of cadmium ; 
for sulphide of cadmium is insoluble in ammonia and sulphide 
of ammonium. The blowpipe is resorted to as a confirmatory 
test (§ 122, 8). 

bb. The precipitate dissolves : binoxip$: op tin or arsenic : 
add ammonia to a small portion of the original solution. 

aa. A white precipitate is formed, Binoxide of tin is 
the substance present. Positive conviction is obtained by 
reducing the precipitate before the blowpipe, with cyanide 
of potassium and carbonate of soda (§ 130, 8). 

/3/3. No precipitate is /armed. This indicates the presence 
of ARSENIC. Positive conviction may be arrived at by the 
production of an arsenical mirror, which is effected by 
reducing the original substance or the precipitated sulphide 
of arsenic, either with cyanide of potassium and carbonate 
of soda, or in some other way ; and moreover by exposing 
the original substance in conjunction with carbonate of soda 
to the inner flame of the blowpipe (§ 132, 12 and 13). If 
the solution (50) contained arseniotbs acid, the yellow preci- 
pitate (52) formed immediately upon the addition of the 
hydrosulphuric acid ; if arsenic acid, it formed only upon 
the application of heat, or after long standing. For further 
information respiting the means of distinguishing 
between the two acids see § 134, 9. 
y. The precipitate is orange-colored ; it that case it 53 
consists of tersulphide of antimony, and indicates the pre- 
sence of teroxide of antimony. For conflrmation the 
original solution is tested with zinc in a small platinum 
dish (§ 131, 8). 

3. The precipitate is dark-brown. It consists of pro- 54 
tosulphide of tin, and indicates the presence of protoxide 
OF tin. To remove all doubt, test a portion of the original 
solution with solution of chloiide of mercury (§ 129, 8). 
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£. The pbeoifitate is brownish-black or black. It 
may in that case consist of sulphide of lead, sulphide of 55 
copper, tersulphide of bismuth, tersulphide of gold, bisul- 
phide of platinum, or sulphide of mercury. To distinguish 
between these different sulphides, the following experiments are 
resorted to. 

<M. Add dilute sulphuric acid to a portion of the original 
solution ; if a white precipitate is formed, this indicates lead. 
To dispel all doubt, test with chromate of potassa (§ 117). 

hh. Add solution of soda to a portion of the original solu- 
tion ; if a yellow precipitate is formed, this indicates oxide op 
HEBCURT. The reactions with protochloride of tin and me- 
tallic copper afiford positive certainty on the point (§ 119). 

The presence of oxide of mercury is usually sufficiently 
indicated by the several changes of color through which the 
precipitate produced by the solution of hydrosulphuric acid in 
the fluid under examination is observed to pass ; this precipi- 
tate is white at first, but changes upon the addition of an 
excess of the precipitant to yellow, then to orange, and finally 
to black (§ 119, 3). 

cc. Add ammonia in excess to a portion of the original solu- 
tion ; if a bluish precipitate is formed which redissolves in an 
excess of the precipitimt, imparting an azure color to the fiuid, 
or even if the ammonia simply colors the solution azure-bhie, 
without producing a precipitate, this indicates copper, lo 
remove all doubt, test with ferrocyanide of potassium (§ 120). 

dd. If the precipitate produced by ammonia was white, and 
excess of ammonia has failed >to redissolve it, filter the fluid 
ofl*, wash the precipitate, dissolve it on a watch-glass in 1 or 2 
drops of hydrochloric acid, with addition of 2 drops of water, 
and then add more water. If the solution turns turbid and 
milky, this is caused by basic terchloride of bismuth : the 
reaction consequently indicates bismuth. The blowpipe is 
resorted to as a conclusive test (§ 121). 

ee. Add solution of sulphate of protoxide of iron to a portion 
of the original solution. The formation of a fine black preci- 
pitate is indicative of the presence of gold. To remove all 
doubt as to the nature of the precipitate, expose it to the flame 
of the blowpipe, or test the original solution with protochloride 
oftin(§ 126). 

ff. Add chloride of potassium and alcohol to a portion of 
the original solution ; the formation of a yellow crystalline 
precipitate is indicative of the presence of platinum. To 
remove all doubt, heat the precipitate to redness (§ 127). 
3. Mix a small portion of the original solution with chloride of 56 
ammonium,^ add ammonia to alkaline reaction, and then, no matter 
whether the latter reagent has produced a precipitate or not, a little 
sulphide of ammonium, and apply heat^ if a precipitate fkils to separate 
in the cold. 

a. No precipitate is formed ; pass on to (62) l for iron, cobalt^ 

< 

* The chloride of ammonium is xified for the purpose of preventing the precipitation 
by ammonia of any magnesia which might be present. 
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nickel, manganese, zinc, cHromiam, alumina^ and silicic acid, are not 
present. 

b. A PRECIPITATE IS FOBHED. 

a. The precipitate is black : protoxide of iron, nickel, or 57 
cobalt Mix a portion of the original solution with, some 
solution of potassa or soda. 

aa, A dirty greenish-white precipitate is formed, which 
soon changes to reddish-brown upon exposure to the air : prot- 
oxide OP iron. To remove all doubt, test with ferricyanide 
of potassium (§ 110). 

bb, A precipitate of a light greenish tint is produced, which 
does not change color : nickel. The reaction with ammonia^ 
and the precipitation of the ammoniacal solution by potassa or 
soda, will afiford positive certainty on the point (§ 108). 

cc. A sky-blue precipitate is formed, which turns to a light- 
red upon boiling, or is discolored and acquires a dark tint : 
C0B4LT. The blowpipe is resorted to as a conclusive test 
(§ 109). 
/3. The precipitcUe is not black, 58 

a^. If the precipitate is distinctly flesh-colored, it con- 
sists of sulphide of manganese, and is consequently indica- 
tive of the presence of protoxide op manganese. To remove 
all doubt, add soda to the original Solution, or try before the 
blowpipe (§ 107). 

bb. If the precipitate is bluish-green, it consists of hydrated 
sesquioxide of chromium, and is consequently indicative of the 
presence of sesquioxide op chromium. To dispel all doubt, 
test the original solution with soda, and apply the blow- 
pipe tests (§ 102). 

cc. If the precipitate is white, it may consist of hydrate 59 
of alumina, or hydrate of silicic acid, or sulphide of zinc, 
and may accordingly point to the presence of either alu- 
mina or oxide of zinc or silicic acid ; the latter, in that case, 
is generally contained in the original solution as an alkaline 
silicate. To distinguish between these three bodies, add to a 
portion of the original solution a drop of solution of soda, and 
wait to see whether this produces a precipitate ; then add some 
more solution of soda until the precipitate formed is re- 
dissolved. 

aa. If solution of soda fails to produce a precipitate, 60 
there is reason to test for silicic acid. For that 
purpose evaporate a portion of the original solution 
with hydrochloric acid to dryness, and treat the residue with 
hydrochlonc acid and water (§ 150, 2), when the silicic acid 
will be left undissolved. Determine the nature of the alkali 
which has been dissolved, as directed (66)* 

pp. If solution of soda produces a precipitate, which re- 
dissolves in an excess of the precipitant, add to a portion of 
this alkaline fluid a solution of hydrosulphuric acid ; the for- 
mation of a white precipitate indicates the presence of ziNa 
The reaction with solution of nitrate of protoxide of cobalt 
before the blowpipe will aflbrd conclusive proof (§106). If 
hydrosulphuric acid fails to produce a precipitate, add to 
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the remaining portion of the alkaline fluid chloride of ammo- 
nium, and apply heat. The formation of a white precipitate 
indicates the presence of alumina. The reaction with 
solution of nitrate of protoxide of cobalt before the blowpipe 
will afford conclusive proof (§ 101). 

N(M to (58) and (59). 

As yery slight contaminations may impair the distinctness of the 
tints exhibited by the precipitates considered in (58) «^d (59)* it is advis- 
able, in all cases where the least impurity is suspected, to adopt the 
following method for the detection of manganese, chromium, zinc, 
alumina, and silicic acid. 

Add solution of soda to a portion of the original solution, first 61 
in small quantity, then in excess. 

oa. No precipitate is formed: silicic acid may be assumed 
to be present ; proceed as directed (60)* 

hh. A whitish precipitate is formed, which does not redissolve 
in an excess of the precipitant, and speedily turns *blackish-brown 
upon exposure to the air : manganese. The blowpipe is re- 
sorted to as a conclusive test (§ 107). 

cc, A precipitate is fc/rmed, which redissolves in an excess of 
the precipitant : sbsquioxide of chromium, alumina, o;^ide of 

ZINC. 

aa. Add hydrosulphuric acid water to a portion of the 
alkaline solution. The formation of a white precipitate indi- 
cates the presence of ziNa 

/SjS. If the original or the alkaline solution is green, and if the 
precipitate produced by soda and redissolved by an excess of the 
precipitant was of a bluish color, sesquigxidu of chromium is 
present. To remove all doubt, heat the alkaline solution to boil- 
ing, or try the reaction before the blowpipe (§ 102). 

yy. Add chloride of ammonium to the alkaline solution. The 
formation of a white precipitate indicates the presence of alumina. 
The reaction with solution of nitrate of protoxide of cobalt 
before the blowpipe will afford conclusive proof (§ 101). 
4. Add to a portion of the original solution chloride of ammonium 82 
and carbonate of ammonia^ mixed with some caustic ammonia, and 
heat gently. 

a. No precipitate is formed : absence of baryta, strontia, 
and lime. Pass on to (64)* 

6. A precipitate is formed : presence of baryta, strontia, 63 
or lime. 

Add solution of sulphate of lime in sufficient quantity to a 
portion of the original solution. 

a. The soVulion does not become turbid, not even after the lapse 
of from five to ten minutes : lime. To remove all doubt^ test with 
oxalate of ammonia (§ 97). 

p. The sohdion becomes twrbid, biU only after the lapse of some 
time : strontia. It is only in neutral or, at least, but slightly 
acid solutions that the reaction is sure to make its appearance. 
The flame-coloration is resorted to as a conclusive test (§96, 
6 or 7). 
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y. A precipUcUe is iTnmediately formed : baryta. To re- 
move all doubt, test with hydrofluosillcic acid (§ 95). 

5. Mix that portion of the solution of 4 in which carbonate of 64 
ammonia has, after previous addition of chloride of ammonium, failed 

to produce a precipitate (62)^ ^i^h phosphate of soda, add some more 
ammonia, and rub the sides of the vessel with a glass rod. 

a. No PRECIPITATE IS FORKED : absence of magnesia. Pass on 

to (65). 

b, A CRTSTALUmB PRECIPITATE IS FORMED: MAGNESIA. 

6. Evaporate a drop of the original solution on perfectly clean 65 
platinum-foil as slowly as possible, and gently ignite the residue. 

"^ . a. There is no fixed residue left. Test for ammonia, 

by adding to the original solution hydrate of lime, and observing the 
odor and reaction of the escaping gas, and the fiimes which it 
forms with acetic acid (§91). 

b. There is a fixed residtte left : potassa or soda. Add 66 
bichloride of platinum to a portion of the original solution, 
having first concentrated it by evaporation if dilute, and shake 

the mixture. 

a. A o predpUate is formed, not even after the lapse of ten or 
fifteen mirnUes : soda. The fiame coloration is selected as a con- 
clusive test, or the reaction with antimonate of potassa is resorted 
to for the purpose (§90). 

/9. A yellow crystalline precipitate is form>ed : potassa. The 
reaction with tartaric acid or the fiame coloration is selected as a 
conclusive test (§ 89). 

Simple Compounds, 
A. Substances soluble in Water. Detection of the Acid. 

I. Detection of Inorganic Acids. 

§ 183. 

Beflect in the first place which of the inorganic acids form soluble com- 
pounds with the detected base (compare Appendix IV.), and bear this in 
mind in your subsequent operations, giving due regard also to the 
result of the prelimiuary examination. 

1. Arsenious i^ciD and arsenic acid have already been consi- 67 
dered in the preceding paragraph (detection of the base). These two 
acids are distinguished from each other by their respective reaction 
with nitrate of silver^ or with potassa and sulphate of copper 
(see § 134, 9). 

2. The presence of carbonic acid, hydrosulphuric acid, and 68 
chromic acid, is also indicated already in the course of the process 
pursued for the detection of the bases. The two former betray their 
presence by effervescing upon the addition of hydrochloric acid ; they may 
be distinguished from one another by the smell. Should additional proof 
be required, the presence of carbonic acid may be ascertained beyond a 
doubt by the reaction with lime-water (see § 149), and that of hydrosul- 
phuric acid by the reaction with solution of acetate of lead (§ 156). The 
presence of chromic acid is invariably indicated by the yellow or red tint 
of the solution^ as well as by the transition of the red or yellow color to 
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green, accompanied by the separation of sulphur, upon the addition of 
hjdrosulphuric acid water. To remove all doubt, try the reactions with 
solutions of acetate of lead and of nitrate of silver (§ 138). 

3. Acidify a portion of the solution with hydrochloric acid, or 69 
— if oxide of silver or suboxide of mercury has been found — with 
nitric acid, and add chloride of barium or — where nitric add has been 

the acidifying agent used — ^nitrate of baryta. 

a. The fluid remains clsas. Absence of sulphuric acid. Pass 
on to (70). 

6. A precipitate is produced, in form of a fine white powder : 
sulphuric acid. The precipitate must remain undissolved 
even after ftirther addition of hydrochloric or nitric acid. 

4. Add solution of sulphate of lime to another portion 'of the 70 
solution (which, if it has an acid reaction, must first be neutralized, 

or made slightly alkaline, by means of ammonia). 

a. Ko precipitate is formed : absence of phosphoric acid, 
silicic acid, oxalic add, and fluorine. Pass on to (73)* 
h, A precipitate is formed. Add acetic acid in excess. 71 

a. The precipitate redisaolves readily ; phosphoric acid or 
SILICIC ACID. Evaporate a portion of the original solution, 
after acidifying with hydrochloric acid, to dryness, and treat the 
residue with some hydrochloric acid and water. If an insoluble 
residue is left, mix a sample of the original solution with chloride 
of ammonium, sulphate of magnesia, and ammonia. A crystal- 
line precipitate shows the presence of phosphoric acid. 

/3. The precipiUUe remains undissolved or dissolves with 72 
difficulty: oxalic acid or fluorine. Oxalate of lime is 
pulverulent, fluoride of calcium flocculent and gelatinous. 
The reaction with binoxide of manganese and salphuric acid (§ 145) 
will afford conclusive proof of the presence of oxalic acid ; the . 
reaction on glass (etching) of the presence of fluorine (§ 146). 

5. Acidify a fresh portion of the original solution with nitric acid, 73 
and add solution of nitrate of silver. 

a. The fluid remains clear. This is a proof of the absence 
of chlorine, bromine, iodine, ferrocyanogen, and ferricyanogen ; the 
absence of cyanogen (in simple cyanides) is also probable. Of the 
soluble metallic cyanides, cyanide of mercury is not precipitated by 
nitrate of silver ; if, therefore, in the analytical process for the de- 
tection of the bases, mercury has been found, cyanide of mercury 
may be present. For the manner of detecting the cyanogen in the 
latter see § 155, 8. Pass on to (76)* 
h, A precipitate is formed. 

a. The precipitate is orange : ferricyanogen. The reaction 74 
with sulphate of protoxide of iron is resorted to as a con- 
firmatory test (§ 155, Supplement). 

/3. The precipitate is white or yeHowish-wMte, Treat the pre- 
cipitate with ammonia in excess — ^immediately, if the base was an 
alkali or an alkaline earth — after filtering and washing, if the 
base was an earth proper or the oxide of a heavy metaL 

acu The precipitate is not dissolved : iodine or ferro- 
CTANOOEN. In the former case the precipitate is pale yellow, 
in the latter white and gelatinous. The reaction with starch 
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and hypomtric acid (§ 154) will afford conclusive proof of the 
presence of iodine, the reaction with sesquichloride of iron 
of the presence of ferrocyanogen (§ 155, Supplement). 

pp. The precipitate is dissolved : chlorine, bromine, or 75 
CYANOGEN. If the original substance smells of hydrocyanic 
acid, and the silver precipitate dissolves with some diffi- 
culty in the ammonia, the precipitate may be assumed to con- 
sist of cyanide of silver, and, consequently, to indicate the 
presence of gtanooen. To remove all doubt on the point, add 
to the original solution sulphate of protoxide of iron, solution 
of soda, and hydrochloric acid (§ 155). If addition of chlorine- 
water imparts a yellow tint to the original solution, the preci- 
pitate may be held to consist of bromide of silver, and conse- 
quently indicates the presence of bromine ; if the bromine is 
present only in very small proportion, chloroform or bisulphide 
of carbon must be used in conjunction with chlorine-water to 
make the reaction distinctly apparent (§ 153). In the proved 
absence of both bromine and cyanogen the precipitate consists 
of chloride of silver, and consequently shows the presence 
of chlorine. 

6. Add to a small portion of the aqueous solution hydrochloric 76 
acid, drop by drop, until a ditttinct acid reaction is just imparted to 

the fluid, then dip in a slip of turmeric-paper, take it- out, and dry 
it at 212'' F. If the dipped portion looks brownish-red, boracic acid is 
present. To settle all doubt on the point, add sulphuric acid and 
alcohol, and set Are to the latter (§ 144). 

7. With regard to nitric acid and chloric acid, these are 77 
nauaUy discovered already in the course of the preliminary exami- 
nation (6). The reaction with sulphate of protoxide of iron and 
sulphuric acid (§ 159) will afford conclusive evidence of the presence of 
the former, treatment of the solid salt with concentrated sulphuric acid, 
of the presence of the latter acid (§ 160). 

Simple Compcnmds, 
A. Substances soluble in Water. Detection of the Acn>. 

II. JDetection of Organic Adds, 
§ 184. 

Consider, in the first place, which of the organic acids form soluble 
compounds with the detected base (Compare Appendix IV.), and bear 
this in mind in your subsequent operations, giving due regard also to the 
results of the preliminary examination. 

The following course of proceeding presupposes the organic acid to be 
present in the free state, or in combination with an alkali or an alkaline 
earth. If the detected base belongs to another group, therefore, it must 
first be removed. Where the base belongs to group V. or group VI. 
the removal is efiected by means of hydrosulphuric acid, where it belongs 
to group. IV., by means of sulphide of ammoniumu After filtering off 
the sulphides, and removing the excess of sulphide of ammonium by 
acidifying with hydrochloric acid, heating, and filtering off the' eliminated 
sulphur, proceed to (78)* Where the baisis is alumina or sesquioxide of 
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chromium, try first to precipitate these substances by boiling with car- 
bonate of soda ; should this fail, as it will where the acid is non-volatile, 
])recipitate the latter with neutral acetate of lead, wash the precipitate, 
diffuse it through water, conduct hydrosulphuric acid into the water in 
which the precipitate is suspended, filter off the sulphide of lead formed, 
and treat the filtrate as directed below. — Alumina may also be precipi- 
tated from its compounds with non- volatile organic acids by solution 
of soluble glass, as silicate of alumina^ 

1. Add ammonia to a portion of the aqueous solution of the 78 
compound under examination to slight alkaline reaction, then chlo- 
ride of calcium. If the solution was neutral, or only slightly acid, 
add chloride of ammonium before adding the chloride of calcium. 

a. Ko PRECIPITATE IS FORMED, NOT EVEN AFTER SHAKING THE 
FLUID NOR AFTER THE LAPSE OF A FEW ICINUTES : absence of 

oxalic acid and tartaric acid. Pass on to (80)* 

b, A PRECIPITATE IS FORMED. Add lime-water in excess 79 
to a fresh portion of the original solution, and add solution 
of chloride of ammonium to the precipitate formed. 

CL The precipitate redissolves : tartaric acid. The reaction 
with acetate of potassa may be resorted to as a confirmatory test ; 
but a still more positive proof will be afforded by the deportment 
which the precipitate produced by the chloride of calcium, and 
properly washed, exhibits with solution of soda or with ammonia 
and nitrate of silver (§ 1 63). 

p. The precipitate does not redissolve : oxalic acid. To 
remove all doubt, try the reaction with concentrated sul- 
phuric acid (§ 145). 

2. Heat the fluid of 1, a, to boUing, keep at that temperature for 80 
some time, and add some more ammonia to the boiling fluid. 

a. It remains clear : absence of citric acid. Pass on to 

(81). 

b. It becomes turbid, and deposits a precipitate : citric acid. 

To remove all doubt as to the nature of the acid, add solution of 
acetate of lead in excess, wash the precipitate formed, and see 
whether it dissolves readily in ammonia (§ 164). 
B. Mix the fluid of 2, a, with alcohol 81 

a. It remains clear : absence of malic acid. Pass on to 

(82). 

b, A precipitate is formed : malic acid. To remove all doubt, 
it is invariably necessary to try the reaction with acetate of lead, 
to see whether the precipitate produced by that reagent dissolves 
with difficulty in ammonia, and to examine its deportment 
when the fluid in which it is suspended is heated to boiling 

(§ 165). 
4. Neutralize a portion of the original solution corhpUtely (if not 82 

already absolutely neutral) with ammonia or with hydrochloric 

acid, and add solution of sesquichloride of iron. 

a. A bulky precipitate forms, op a cinnamon brown, or 
DIRTY yellow COLOR. Wash the precipitate, heat it with ammonia, 
filter, strongly concentrate the filtrate by evaporation, divide into 
two parts, and add to the one some hydrochloric acid, to the other 
alcohol and chloride of barium. The formation of a precipitate in 
the first portion indicates the presence of benzoic acid^ a precipi- 
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tate in the second denotes the presence of sircciNic acid. 
Compare § 168 and § 169. 
b, Thb liquid acquires a batheb intense deep red tint, 83 

AND, UPON protracted BOILING, A LIGHT REDDISH-BROWN 

PRECIPITATE SEPARATES : acetic acid or formic acid. Heat a 
portion of the solid salt under examination or, if the substance is 
in the fluid state, of. the residue left upon evaporating the fluid 
(which, if acid, you must neutralize first with soda), with sulphuric 
acid and alcohol (§ 171). The characteristic odor of acetic ether 
indicates the presence of acetic acid. 

If you do not detect acetic acid in the fluid, you may conclude 
that the substance under examination contains formic acid : to 
remove all doubt, try the reactions with nitrate of silver and chlo- 
ride of mercury (§ 172). 

Sample Compounds. 

E Substances insoluble or sparingly soluble in Water, but 
soluble in Hydrochloric Acid, Nitric Acid, or Nitro-hydro- 
GHLORic Acid. 

Detection of the Base,* 

§ 185. 

Dilute a portion of the solution in hydrochloric acid, nitric acid, 84 
or nitro-hydrochloric acid with water, t and proceed as directed § 182, 
beginning at (46)> ^^ cases where the substance is dissolved in nitric 
acid, and at 2, (50)) i^ the solution already contains hydrochloric acid. 

This course will answer for bases of the secotid, fifths and sixth groups, 
but in testing for bases of the third and fourth groups, with sulphide of 
ammonium, according to (56)^ the usual course of proceeding is under the 
circumstances departed from. Particular regard must be had in this to 
the following observations : we have seen (59)i that if in cases where 
we have a substance soluble in water we obtain, in the course of 
the examination, a white precipitate upon adding chloride of ammo- 
nium, ammonia, and sulphide of ammonium, this precipitate can consist 
only of SULPHIDE OP zinc, or alumina, or hydrate op silicic acid. 
But the case is different if the body is insoluble in water, but dissolves 
in hydrochloric acid ; for in that case a white precipitate produced by 
ammonia, in presence of chloride of ammonium, may consist also of 

PHOSPHATES, borates, OXALATES, SILICATES OF THE ALKALINE EARTHS, 

or of FLUORIDES OF THEIR METALS, siucc all these bodies are insoluble 
in water, but dissolve in hydrochloric acid, and (being only very sparingly 
soluble also in solution of chloride of ammonium) accordingly separate 
again upon neutralization of that acid. If, therefore, a white precipi- 
tate is produced upon testing an acid solution, under the circumstances 
stated, and in pursuing the course laid down in § 182, (56)) pro- 
ceed as follows : — 

1. If the results of the preliminary examination have given you 85 

* Regard is also had here to certain salts of the alkaline earths, as this coarse of 
examination leads directly to their detection. 

t If upon the addition of water the liqaid becomes white and tnrbid or deposits a 
white precipitate, this indicates the presence of antimony or bismuth, possibly also of tin. 
Compare § 121, 9, and § 131, 4. Heat with hydrochloric acid until the fluid has become 
dear again, then pass on to (50)* 



224 ACTUAL EXAMINATION. 

reason to suspect the presence of silicic acid (20)> evaporate a 
portion of the hydrochloric acid solution to dryness, moisten the 
residue with hydrochloric acid and add water. If silicic acid is present, 
it wiU remain undissolved. Determine the base in the solution as 
directed (56) oi* (62)» as the case may be. 

2. Add to a portion of the original hydrochloric acid solution 86 
some tartaric acid, and after this ammonia in excess. 

a. 'No PERMANENT PRECIPITATE IS FORMED : abseucc of the 
above enumerated salts of the alkaline earth& Mix another portion 
of the original solution with solution of soda in excess, and add to 
the one half of the clear fluid chloride of ammonium, to the other 
half solution of hydrosulphuric acid. The formation of a preci- 
pitate in the former indicates the presence of alumina ; in the 
latter, the presence of ziNO. 

b. A PERMANENT PRECIPITATE IS FORMED : presence of a salt 
of an alkaline earth. 

a. Bring a sample of the original substance, on a watch- 87 
glass, in contact with a little bin oxide of manganese, a few 
drops of water, and some concentrated sulphuric acid. If 
evolution of carbonic acid gas takes place instantly, the salt is an 
OXALATE. To And the base, ignite a fresh sample, dissolve the 
residue in dilute hydrochloric acid, and examine the solution 
as directed (62)- 

p. Add to a poison of the hydrochloric add solution 88 
ammonia until a precipitate forms ; then acetic acid until 
this is redissolved ; lastly, acetate of soda and a drop of 
solution of sesquichloride of iron : the formation of a white 
flocculent precipitate indicates the presence of phosphoric acid. 
Add now some more sesquichloride of iron until the fluid has 
acquired a distinct red color, boil, filter boiling, and test the 
filtrate, which is now free from phosphoric acid, for the alkaline 
earth with which the phosphoric acid was combined, as directed 
(62), after having previously removed, by precipitation with 
ammonia, the iron which may possibly have been dissolved. ' 

y. Test for fluorine, by heating a portion of the .original 89 
substance, or of the precipitate produced in the hydrochloric 
acid solution by ammonia, with sulphuric acid (§ 146). After 
removal of the fluorine, ascertain the nature of the alkaline earth 
which you have now in the residue, in combination with sulphuric 
acid (§ 188). 

^. BoRACic ACID is detected in the hydrochloric acid solution 
by means of turmeric-paper (§ 144). and the base combined with 
it, by boiling a portion of the original substance with water and 
carbonate of soda, filtering, washing, dissolving the carbonate 
formed in, the least possible amount of dilute hydrochloric acid, 
and examining the solution as directed (62)* 
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Simple Compounds^ 

B. Substances insoluble or sparingly soluble in Water, but 
SOLUBLE in Hydrochloric Acid, Nitric Acid, or Nitro-hydro- 
chloric Acid. 

detection op the acid. 

I. Detection of Inorganic Acids. 
§186. 

1. Chloric acid cannot be present, since ^11 chlorates > are 90 
soluble in water ; nitric acid, which may be present in form of a 
hasic salt, must have been revealed already by the ignition of the 
body in a glass tube, and so must cyanogen (8). -For the analysis 
of the insoluble metallic cyanides insoluble in water see § 204. The 
results of the test with phosphate of soda and ammonia will have 
directed attention to the presence of silicic acid. Evaporation of the 
hydrochloric acid solution to dryness, and treatment of the residue 
with hydrochloric acid and water, will remove all doubt on this 
point. 

2. The course of examination laid down for the detection of 91 
the bases leads likewise to that of arsenious and arsenic acids, 
carbonic acid, hydrosulphuric acid, and chromic acid. With 
regard to the latter acid, I repeat that its presence is indicated by the 
yellow or red color of the compound, the evolution of chlorine which 
ensues upon boiling with hydrochloric acid, and the subsequent presence 
of sesquioxide of chromium in the solution. Fusion of the compound 
under examination with carbonate of soda is, however, the most 
conclusive test for chromic acid (§ 138). 

3. Boil a portion of the substance with nitric acid. 92 

a. If nitric oxide gas is evolved, and sulphur separates, 
this is confirmative of the presence of a metallic sulphide. 

5. If violet vapors escape, the compound is a metallic iodide. 

c. If reddish-brown fumes 6f a chloiine-like smell are 
evolved, the compound is a metallic bromide, in which case 
the fumes will color starch yellow (§ 153). 

4. Dilute a small portion of the nitric acid solution — or of the 93' 
filtrate of this solution, should the nitric acid have left an undis- 
solved residue — with water, and add solution of nitrate of silver to 

the fluid. The formation of a white precipitate, which, after wash- 
ing, is soluble in ammonia, and fuses without decomposition when 
heated, indicates the presence of chlorine. 

5. Boil a portion of the substance with hydrochloric acid, filter if 94 
necessary, dilute with water, and add chloride of barium. The for- 
mation of a white precipitate, which does not redissolve even upon 
addition of a large quantity of water, indicates the presence of sul- 
phuric ACID. 

6. Test for boracic acid as directed § 144, 6. 

7. If none of the acids enumerated from 1 to 6 are present, there 95 
is reason to suspect the presence of phosphoric acid, oxalic acid, 

or fluorine, or the total absence of acids. To the pi*esence of oxalic 
acid your attention will have been called already in the course of the 
preliminary examination (8). If the acids named had been combined 
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-with an alkaline earth, they would already have been detected in the 
course of the examination for these bases (87) ^ (89) ; they need there- 
fore here be tested for only where the examination has revealed the 
presence of some other base. To that end precipitate the base, if belong- 
ing to Group V. or VI., with hydrosulphuric acid, or if belonging to 
Group IV., with sulphide of ammonium, and filter. If you have preci- 
pitated with sulphide of ammonium, add to the filtrate hydrochloric acid 
to acid reaction, expel in either case the hydrosulphuric acid by boiling, 
and filter if necessary. Test a portion of this solution for phosphoric 
acid, oxalic acid, and fluorine, as directed (70)- If the basis was alumina 
or sesquioxide of chromium, test for phosphoric acid with solution of 
molybdate of ammonia in nitric acid (§ 142, 10) ; for oxalic acid with 
binoxide of manganese and sulphuric acid (§ 145) ; for fluorine with sul- 
phuric acid (§ 146). 

, ^ Simple Compounds, 

B. Substances insoluble or sparingly soluble in Water, but 

SOLUBLE IN Acids. 

detection of the acid. 

II. Detection of Organic Acids, 

§187. 

1. Formic acid cannot be present, as all the formates are soluble 96 
in water. 

2. Acetic acid has been revealed already in the course of the 
preliminary examination, by the evolution of acetone. The re- 
action with sulphuric acid and alcohol (§171) will aflbrd conclusive 
proof. 

3. Boil a portion of the substance for some time with solution of 97 
carbonate of soda in excess, and filter hot. You have now, in most 
cases, the organic acid in solution in combination with soda. Aci- 
dulate the solution slightly with hydrochloric acid, expel the carbonic 
acid by heat, and test as directed § 184. With bases of the fourth group 
and also in presence of oxide of lead, this mode of separation is not com- 
pletely successful. In exceptional cases of the kind add to the filtrate, 
after boiling with carbonate of soda, sulphide of ammonium until the 
whole of the metallic oxide is thrown down. 

Simple Compounds, 

C. Substances insoluble or sparingly soluble in Water, Hydro- 
chloric Acid, Nitric Acid, and Nitro-hydrochloric Acid. 

detection of the base and the acid. 

§ 188. 
Under this head we have to consider here sulphate op baryta, 98 

sulphate op STRONTIA, SULPHATE OP LIME, FLUORIDE OP CALCIUH, 
SILICA, SULPHATE OP LEAD, COmpOUnds of LEAD with CHLORINE and 
BROMINE j compounds of SILVER with CHLORINE, BROMINE, IODINE, and 

CYANOGEN ; and lastly sulphur and charcoal, as the only bodies belong- 
ing to this class which are more frequently met with. For the simple 
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nlieates I refer to § 205, for the ferro- and ferricyanides, to § 204. The 
preliminary examination will have informed yoa whether you need pay 
aoy regard to the possible presence of these compoands. 

Sulphate of lime and chloride of lead are not altogether insoluble in 
water, and sulphate of lead may be dissolved in hydrochloric acid. 
However, as these compounds are so sparingly soluble that complete 
isolation of them is seldom effected, the/ are included here also among 
the class of insoluble substances, to insure their detection, should they 
have been overlooked in the course of the examination of the aqueous or 
add solution of the body to be analyzed. 

1. Free stiLPHUR must have been detected already in the course of the 
preliminary examination. 

2. Charcoal is generally black ; it is insoluble in aqua regia ; put on 
platinum foil, with the blowpipe flame playing upon the under side of 
the foil, it is always consumed ; by deflagration with nitrate of 
potassa it yields carbonate of potassa. 

3. Pour sulphide of ammonium over a very small quantity of the 99 
fmbstance under examination. 

a. It TUBNS BLACK j this indicates the presence of lead or a 
salt of silver. 

a. The body fused in the glass Vube withotU decomposition (3) : 
chloride of lead, bromide of lead ; chloride of silver, bromide of 
silver, iodide of silver. Fuse one part of the compound with 4 
parts of carbonate of soda and potassa in a small porcelain crucible, 
let cool, boil the residue with water, and test the filtrate for 
CHLORINE, BROMINE, and IODINE, as directed (73)* Dissolve the 
residue, which consists either of metallic silver or oxide of lead, 
in nitric acid, and test the solution as directed (46)- 

p. The body evolved cyanogen by ignition in tlie glass tube, and 
left metallic silver behind : cyanide of silver. 

y. The body remained unaltered by ignition in the gUbss tube : 
SULPHATE OF LEAD. Boil a sample of it with solution of carbo- 
nate of soda. Alter, acidulate the flltrate with hydrochloric acid, 
and test with chloride of barium for sulphuric acid ; dissolve 
the washed residue in nitric acid, and test the solution 
with hydrosulphuric acid and with sulphuric acid for lead. 

b. It remains white : absence of an oxide of a heavy metal. 100 
Triturate a small sample together with quartz sand, moisten 

the mixture on a watch-glass with a few drops of concentrated 

sulphuric acid, and heat gently. 

a. White fwm/es a/re evolved, which redden litmus paper. This 
indicates the presence of fluoride of calcium. Reduce a portion 
of the substance to a flne powder, decompose this in a platinum 
crucible with sulphuric acid, and try the reaction on glass (§ 146), 
to prove the presence of fluorine ; boil the residue with hydro- 
chloric acid, filter, neutralize the flltrate with ammonia, and test 
for lime with oxalate of ammonia. 

fi. No fumes reddening litmus paper a/re evolved. Mix a portion 
of the very finely pulverized substance with 4 times the quantity of 
pure carbonate of soda and potassa, and fuse the mixture in a 
platinum crucible, or on platinum foil. Boil the fused mass 
with water, filter should a residue be left, and wash the latter. 
Acidulate a portion of the filtrate with hydrochloric acid, and 

Q 2 
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test with chloride of barium for sulphuric acid ; and in case 
you do not find that acid, test another portion of the filtrate 
for silicic acid, by evaporating the fluid acidified with hydro- 
chloric acid (§ 150, 2). 

If the silicic acid was present in the pure state, the mass 
resulting from the fusion of the substance with carbonate of soda 
and potassa must l)aye dissolved in water to a clear fluid ; but if 
silicates also happened to be present, the bases of them are left 
behind undissolved, and may be further examined. 

If, on the other hand, sulphuric acid has been found, the 
alkaline earth which was combined with it is found on the filter 
as a carbonate. Wash this, then dissolve in dilute hydrochloric 
acid, and test the solution for baryta, strontia, and lime, as 
directed (62)* 

Complex Compounda.* 

A. .Substances soluble in Water, and also such as are insoluble 
IN Water, but dissolve in Hydrochloric Acid, Nitric Acid, 
OR Nitro-hydrochloric Acid. 

Detection oftlie Bases. \ 

§ 1894 

{Treatment imth Hydrochloric Add : Detection o/ Silver, Suboxide of 

Mercury \Lead\) 

The systematic course for the detection of the bases is essentially 101 
the same for bodies soluble in water, as for those which are soluble 
only in acids. Where, from the different nature of the original 
solution, a departure from the ordinary course is rendered neces- 
sary, the fact will be distinctly stated. 

I. Solution in Water. y 

Mix the portion intended for the detection op the 
bases with some hydrochloric acid. 

1. The solution had an acid or neutral reaction previously 102 
to the addition of the hydrochloric acid. 

a. No PRECIPITATE IS FORMED ; this indicates the absence of 
silver and suboxide of mercury. Pass on to § 190. 

6. A PRECIPITATE IS FORMED. Add more hydrochloric acid, drop 
by drop, until the precipitate ceases to increase ; then add about six 
or eight drops more of hydrochloric acid, shake the mixture, and 
filter. • 

The precipitate produced by hydrochloric acid may consist of 
chloride of silver, subchloride of mercury, chloride of lead, a basic 

* I use this term here and hereafter in the present work to designate compounds in 
which all the more frequently occurring bases, acids, metals, and metalloids are sup- 
posed to be present. 

f Consult the explanations in the Third Section, with the contents of which you 
should make yourself thoroughly acquainted first, before proceeding further. Kegaid 
is here had also to the presence of the acids of arsenic, and of those salts of the alkaline 
earths which dissolve in hydrochloric acid, and separate again from that solution un- 
altered upon neutralization of the acid by ammonia. 

X Consult the remarks in the Third Section. 
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salt of aotimony, basic chloride of bismuth, possibly also of benzoic 
acid. The basic salt of antimoDj and the basic chloride of bismuth, 
however, redissolve in the excess of hydrochloric acid ; consequently, 
if the instructions given have been strictly followed, the precipitate 
collected upon the filter can consist only of chloride of silver, sub- 
chloride of mercury, or chloride of lead — (possibly also of benzoic 
acid, which, however, is altogether disregarded here). 

Wash the precipitate collected upon the filter twice with cold 
water, add the washings to the filtrate, and examine the solution as 
directed § 190, even though the addition of the washings to the acid 
filtrate should produce turbidity in the fluid (which indicates the 
presence of compounds of antimony or bismuth). 

Treat the twice-washed precipitate on the filter as follows : 103 

a. Pour hot water over it upon the filter, and test the 
flaid running off with sulphuric acid for lead. The non- 
formation of a precipitate upon the addition of the sulphuric acid 
simply proves that the precipitate produced by hydrochloric acid 
contains no lead, and does not by any means establish the total 
absence of this metaJ, as hydrochloric acid feiils to precipitate lead 
from dilute solutions. 

/9. Pour over the now thrice- washed precipitate upon the 
filter solution of ammonia. If this changes its color to black 
or gray, it is a proof of the presence of suboxide of kercurt. 
y. Add to the ammoniacal fluid running off in ^ nitiic acid 
to strongly acid reaction. The formation of a white, curdy pre- 
cipitate indicates the presence of silver.* (If the precipitate did 
contain lead, the ammoniacal solution generally appears turbid, 
owing to the separation of a basic salt of lead. This, however, 
does not interfere with the testing for silver, since the basic salt 
of lead redissolves upon the addition of nitric add.) 
2. The original aqueous solution had an alkaline re- 
action. 104 
a. The addition of hydrochloric acid to strongly acid 
reaction fails to produce evolution of gas or a pre- 
cipitate, OR THE precipitate WHICH FORMS AT FIRST REDIS- 
SOLVES UPON FURTHER ADDITION OF HYDROCHLORIC ACID: paSS 

on to § 190. 
h. The addition of hydrochloric acid to the original 

SOLUTION PRODUCES A PRECIPITATE WHICH DOES NOT REDIS- 
SOLVE IN AN EXCESS OF THE PRECIPITANT, NOT EVEN UPON 
BOILING. 

a. The foriTiationo/ the precipUcUe 18 cUUncUd neither tvUh 105 
evolution of hydrostUphu/ric acid nor of hydrocyanic acid. 
Filter, and treat the filtrate as directed § 190. 

oo. The precipitate is white. It may, in that case, con- 
sist of a salt of lead or silver, insoluble in water and hydro- 
chloric acid (chloride of lead, sulphate of lead, chloride 
OF silver, &c.), or it may be hydrate of silicic acid. Test 
for the bases and acids of these compounds as directed § 203, 
bearing in mind that the chloride of lead or chloride of silver 

* If the qoantity of silver is only very small, its presence is indicated by opalescence 
of the fluid. 
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which may be preseut^ may possibly only have been formed 
in the process. 

hb. The precipitate is yellow or orange. In that case 
it may consist of sulphide of arsenic (and if the fluid 
from which it has separated was not boiled long, or only with 
very dilate hydrochloric acid, also of sulphide of antimony 
or BISULPHIDE OF tin), which substances were originally di&- 
solved in solution of ammonia, potassa, soda, phosphate of 
soda, or some other alkaline fluid, with the exception of solu- 
tions of alkaline sulphides and cyanides. Examine the preci- 
pitate, which may also contain hydrate of silicic acid, 
as directed (40)* 

/3. TJie forvnation of the precipitate is attended tvith evolu- 106 
tion ofhydrosulphuric acid gas, hut not of hydrocyanic acid* , 
aa. The precipitate is of a pure white color, and 
consists of separated sulphur. In that case a sulphuretted 
alkaline sulphide is present. Boil, Alter, and treat the flltrate 
as directed § 194, the precipitate as directed § 203. 

hb. The precipitate is colored. In that case you may 
conclude that a metallic sulphur salt is present, i^., a com- 
bination of an alkaline sulphur base with a metallic sulphur 
acid. The precipitate may accordingly consist of tersulphide 
of gold, bisulphide of platinum, bisulphide of tin, sulphide 
OF ARSENIC, or SULPHIDE OF ANTIMONY. It might, however, 
consist also of sulphide of mercury or of sulphide of copper 
or SULPHIDE OF NICKEL, or Contain these substances, as the 
former will dissolve in sulphide of potassium, and the latter 
are slightly soluble in sulphide of ammonium. Filter, and 
treat the filtrate as directed § 194, the precipitate as 
directed (40)' 

y. Th e formation of the precipitate is attended with evolu' 107 
tion of hydrocyanic add, with or vnthout simultaneous dis- 
engagement of hydrosvlphuric add. This indicates the pre- 
sence of an ALKALINE CYANIDE, and, if the evolution of the 
hydrocyanic acid is attended with that of hydrosulphuric acid, 
also of an alkaline sulphide In that case the precipitate may, 
besides the compounds enumerated in a and ^, contain many 
other substances (e.^., cyanide of nickel, cyanide of silver, &c.). 
Boil, with further addition of hydrochloric acid, or of nitric acid, 
until the whole of the hydrocyanic acid is expelled, and treat the 
solution, or, if an undissolved residue has been left, tbe filtrate, 
as directed §190; and the residue (if any) according to 
§203. 
c. The addition op hydrochloric acid fails to produce 108 

A PERMANENT PRECIPITATE, BUT CAUSES EVOLUTION OF GAS. 

a. The escaping gas smells of hydrosvlphuric acid ; this 
indicates the presence of a simple alkaline sulphide. Proceed 
as directed § 194. 

jS. The escaping gas is inodorous ; in that case it is carbonic 
ACID which was combined with an alkalL Pass on to § 190. 

* Should the odor of the evolved gas leave any doubt regarding the actual presence 
or absence of hydrocyanic acid, add some chromate of potassa to a portion of the 
fluid, previously to the addition of the hydrochloric acid* 
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y. The escaping gas smells of hydrocytmic ncid (no matter 
whether hjdrosulphuric acid or carbonic acid is evolved at the 
same time or not). This indicates the presence of an alkaline 
CYANIDE. Boil imtil the whole of the hydrocyanic acid is ex- 
pelled, then pass on to § 190. 

IL Solution in Htdbochloric Acid or in Nitrohydbochlobic 

Acid. 

Proceed as directed § 190. 

IIL Solution in Nitric Acid. ^ 

Dilute a small sample of it with water ; should this produce 109 
turbidity or a precipitate (indicative of the presence of bismuth), 
add nitric acid until the fluid is clear again, then hydrochloric acid. 

1. Ko precipitate is formed. Absence of silver and suboxide of 
mercury. Treat the principal solution as directed § 190. 

2. A precipitate is formed. Treat a larger portion of the nitric 
acid solution the same way as the sample, Alter, and examine the pre- 
cipitate as directed (103)» the filtrate as directed § 190. 

§ 190.* 

{Treatmemi ioith Hydrosulphuric Acid^ Precipitation of the Metallic 
Oxides of Group V,, 2nd Division, and of Group VI.) 

Add to a small portion of the clear acid solution hydrosul- 
phuric acid water, until the odor op hydrosjjlphuric acid is 
distinctly perceptible after shaking the mixture, and 
warm gently. 

1. No PRECIPITATE is FORMED, even afler the lapse of some HO 
time. Pass on to § 1 94, for lead, bismuth, cadmium, copper, 
mercury, gold, platinum, antimony, tin, and arsenic, t are not 
present \% the absence of sesquioxide of iron and of chromic 
acid is also indicated by this negative reaction. 

2. A PRECIPITATE IS FORMED. 

a. The precipitate is of a pure white color, light, and HI 
finely pulverulent, and does not redissolve on addition of 
hydrochloric acid. It consists of separated sulphur, and 
indicates the presence of sesquioxide of ibon.§ None of the 

* Consult the remarks in the Third Section. 

t Where the preliminary examination has led you to suspect the presence of arsenic 
acid, you must endeavor to obtain the most conclusive evidence of the absence of this 
acid ; this may be done by allowing tlie fluid to stand for some time at a gentle heat 
(about 158** F.), or by heating it with sulphurous acid previous to the addition of the 
hydrosulphuric acid. (Compare § 133, 3.) 

X In solutions containing much free acid the precipitates are firequently formed only 
after dilution with water. 

§ Sulphur will precipitate also if sulphurous acid, or iodic acid, or bromic acid is pre- 
sent (which substances are not included in our analytical course), and also if chromic 
mend, or chloric acid, or free chlorine is present. In presence of chromic acid the sepa- 
ration of the sulphur is attended with reduction of the acid to sesquioxide of chromium, 
in consequence of which the reddish-yellow color of the solution changes to green. 
{Compare § 138.) The white sulphur suspended in the green solution looks at first 
like a green precipitate, which frequently tends to mislead beginners. 
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other metals enumerated in (110) ^^ • ^ present. Treat the 
principal solution as directed § 194. 
h. The precipitate is colored. 

Add to the larger proportion of the acid or acidified 112 
solution, best in a small flask, hydrosulphuric acid water 
in excess, t.e., until the fluid smells distinctly of it, and ;;j^ 

the precipitate ceases to increase upon continued addition «£ the 
reagent ; apply a gentle heat, shake vigorously for some time, 
filter, keep the filtrate (which contains the oxides present of 
Groups I. — IV.), for further examination according to the instruc- 
tions of § 194, and thoroughly wash* the precipitate, which con- 
tains the sulphides of the metals present of Groups V. and YI. 
In many cases, and more particularly where there is any 
reason to suspect the presence of arsenic, it will be found more 
convenient to transmit hydrosulphuric acid gas through the 
solution DILUTED WITH WATER, instead of addiDg hydro- 
sulphuric acid water. 

If the precipitate is yellow, it consists principally of sul- 113 
phide of arsenic, bisulphide of tin, or sulphide of cadmium ; 
if orange-colored, this indicates sulphide of antimony ; if 
brown or black, one at least of the following oxides is present : 
oxide of lead, teroxide of bismuth, oxide of copper, oxide of 
mercury, teroxide of gold, binoxide of platinum, protoxide of tin. 
However, as a yellow precipitate may contain small particles of 
an orange-colored, a brown, or even a black precipitate, and yet 
its color not be very perceptibly altered thereby, it will always 
prove the safest way to assume the presence of all the metals 
named in (110) ^^ aJ^y precipitate produced by hydrosulphuric 
acid, and to proceed accordingly as the next paragraph (§191) 
directs. 

§ 191. 

{TrecUment of the Precipitate produced hy Hydrosulphuric Acid tcUh 
Sulphide of Ammonium; Separation of the 2nd Division of 
Group V. from Group VI.) 

Introduce a small portion op the preotpitatb produced 114 
by hydrosulphuric acid in the acidified solution il^to a * 
test-tube,t add a little water, and prom ten to twenty drops 
of yellowish sulphide of ammonium, amd expose the mixture « 
foe a short time to a gentle heat.ij: 

* Compare § 6. 

t If there is a somewhat large precipitate, this may be readily effected by means of a 
small spatula of platinam or horn ;. bat if you have only a very trifling precipitate, make 
a hole in the bottom of the filter, insert the perforated point into the mouth of the test- 
tube, rinse the precipitate into tJie latter by means of the washing-bottlef wait until the 
precipitate has subsided, and then decant the water. 

t If the solution contains copper, which is generally revealed by the col6r of the fluid, 
and may be ascertained positively by testing with a clean iron rod (see § 120, 10), use 
solution of sulphide of sodium instead of sulphide of anmionium (in which sulphide of 
copper is not absolutely insoluble, see § 120, 5), and boil the mixture. But if the fluid, 
besides copper, contains also oxide of mercury (the presence of which is generally sufii- 
ciently indicated by the several changes of color exhibited by the precipitate forming 
upon the addition of the hydrosulphuric acid [§ 119,, 3], and which, in doubtful oases, 
may be detected with positive certainty by testing a portion of the original solution 
acidified with hydrochloric acid with protochloride of tin), sulphide of ammoniuoi 
most be used, although the separation of the sulphides of the antimony group from the 
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1. Thb prkcipitatb dissolves completely in sulphide op 115 
AXMONiUM (or SULPHIDE OF SODIUM, as the case may be) : absence 

of the metals of Group V.— cadmium, lead, bismuth, copper, 
mercury. Treat the remainder of the precipitate (of which you have 
digested a portion with sulphide of ammonium) as directed § 192. — If 
the precipitate produced by hydrosulphuric acid was so triflii^g that you 
have used the whole of it in treating with sulphide of ammonium, pre- 
cipitate the solution obtained in that process by addition of hydro- 
chloric acid, filter, wash the precipitate, and treat it as directed § 192. 

2. The precipitate is not bedissolved, ob at least -not 116 
COMPLETELY : presence of metals of Group Y . 

Dilute with 4 or 5 parts of water, filter, and mix the 
filtrate with hydrochloric acid in slight excess. 

a. The fluid simply turns milky , ounng to the separation qfsulpkur. 
Absence of the metals of Group Yl.^gold, platinum, tin, anti- 
mony, and arsenic* Treat the rest of the precipitate (of which 
you have digested a portion with sulphide of ammonium) 
according to the directions of § 193. 

b. A colored precipitate is formed: presence of metals of 117 
Group VI. by the side of those of Group V. Treat the 
entire precipitate produced by hydrosulphuric acid the 
same as you have treated a portion of it, i.e., digest it with yellow 
sulphide of ammonium or, as the case may be, sulphide of sodium, 
let subside, pour the supernatant liquid on a filter, digest the 
residue in the tube once more with yellow sulphide of ammonium 
(or sulphide of sodium), and filter. Wash the residuet (con- 
taining the sulphides of Group Y.), and treat it afterwards as 
directed § 193. Dilute the filtrate — which contains the metals of 
Group YI. in the form of sulphur salts — ^with water, add hydro- 
chloric acid to distinctly acid reaction, heat gently, filter the pre- 
cipitate formed — which contains the sulphides of the metals of 
Group YL mixed with sulphur — ^wash thoroughly, and proceed 
as directed next paragraph (§ 192.) 

§ 192. 

{Detection of the Metals of Group YL : Arsenic, Antimony, Tin, 
i Gold, Flaiinum,) 

If thp precipitate consisting of the sulphides of Group YL has a 118 
FUBB YELLOW COLOB, this indicates principally arsenic and tin ; if 

salphide of copper is not fally effected in such cases ; since, were sulphide of sodium 
Qted, the sulphide of mercury would dissolve in this reagent, which would impede the 
ulterior examination of the sulphides of the antimony group. 

• That this inference becomes uncertain if the precipitate produced by hydrosulphuric 
acid, instead of being digested with a small quantity of sulphide of ammonium, has been 
treated with a krger quantity of that reagent, is self-evident ; for the large quantity 
of sulphur which separates in that case will of course completely conceal any slight 
traces of sulphide of arsenic or bisulphide of tin which may have been thrown down. 

t If the residue suspended in the fluid containing sulphide of ammonium, and inso- 
lable.therein, subsides readily, it is not transferred to the filter, but washed in the tube by 
decaatation. But if its subsidence proceeds slowly and with difficulty, it is transferred 
to the filter, and washed there ; a hole is then made in the bottom of the filter, and the 
residue rinsed into a small porcelain basin by means of a washing-bottle ; the application 
of a gentle heat will now materially aid the subsidence of the residue, and the super- 
natant water may then be decanted. The sulphides are occasionally suspended in the 
flaid in a state of such minute division that the fluid cannot be filtered off clear. In 
ca«es of the kind some chloride of ammonium should be added to the fluid. 
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it is distinctly obange- yellow, antimony is sure to be present ; if it is 
BBOWN or BLACK, this denotes the presence of platinum or gold. 

Beyond these general indications the color of the precipitate affords 
no safe guidance. It is therefore always advisable to tesl^ a yellow pre- 
cipitate also for antimony, gold, and platinum, since minute quantities 
of the sulphides of these metals are completely hid by a large quantity of 
bisulphide of tin or sulphide of arsenic. Proceed accordingly as follows : 

Heat a little of the precipitate on the lid of a porcelain crucible, 
or on a piece of porcelain or glass.* 

1. Complete volcUUization ensues : probable presence of 119 
ARSENIC, absence of the other metals of Group VI. Re- 
duction of a portion of the precipitate with cyanide of 
potassium and carboDate of soda (§ 132, 12) t will afford positive 
proof of the presence or absence of arsenic. Whether that metal 
was present in the form of arsenious acid or in that of arsenic 
acid, may be ascertained by the methods described § 134, 9. 

2. A fixed residue is left In that case all the metals of 120 
Group VI. must be sought for. Dry the remainder of the 
precipitate thoroughly upon the filter, triturate it together 
with about 1 part of anhydrous carbonate of soda and 1 part of 
nitrate of soda, and transfer the mixture in small portions at a 
time to a little porcelain crucible, in which you have previously 
heated 2 parts of nitrate of soda to fusion, j; As soon as complete 
oxidation is effected, pour the mass out oa a piece of porcelain. 

After cooling soak the fused mass (the portion still sticking to 
the inside of the crucible as well as the portion poured out on the 
porcelain) in cold water, filter from the insoluble residue — which will 
remain if the mass contained antimony, tin, gold, or platinum — and 
wash thoroughly with a mixture of about equal parts of water and 
alcohol. (The alcohol is added to prevent the solution of tbe anti- 
monate of soda. The washings are not added to the filtrate.) 

The filtrate and the residue are now examined as follows : 

a. Examination op the filtrate for arsenic (which 121 

must be present in it in the form of arsenate of soda). 
Add nitric acid to the fiuid to distinct acid reaction,§ 

* That this preliminary examination may be omitted if the precipitate has any other 
color than yellow, and that it can give a decisive result only if the sulphur precipitate 
submitted to the test has been thoroughly washed, is self-evident. 

t In cases where tbe precipitate contains much free sulphur, dissolve the sulphide 
of arsenic which may be present, by digestion in the ammonia, filter, evaporate the 
solution, with addition of a small quantity of carbonate of soda, to dryness, and heat 
the residue with cyanide of potassium and carbonate of soda. 

X Should the amount of the precipitate be so minute that this operation cannot be 
conveniently performed, cut the filter, with the dried precipitate adhering to it, into small 
pieces, triturate these together with some carbonate of soda and nitrate of soda, and pro- 
ject both the powder and the paper into the fusing nitrate of soda. It is preferable^ 
however, in such cases, to procure at once, if practicable, a sufficiently large amount of 
the precipitate, as otherwise there will be but little hope of efiecting the positive detec- 
tion of all the metals of Group Vl. Supposing all the metallic sulphides of the sixth 
group to have been present, the fused mass would consist of antimonate and arsenate of 
soda, binoxide of tin, metallic gold and platinum, sulphate, carbonate, nitrate, and some 
nitrite of soda. Compare also § 134, 1. 

§ In some oases where a somewhat larger proportion of carbonate of soda has been 
used, or a very strong heat applied, a trifling precipitate (hydrated binoxide of tin) may 
separate upon the acidification of tiie filtrate with nitric acid. This may be filtered off, 
and then treated in the same manner as the undissolved residue. 
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beat, to expel carbonic acid and nitrous acid, tben divide the 
fluid into two portions. Add to the one portion some nitrate of 
silver (not too little), filter (in case chloride of silver* or nitrite 
of silver should have separated), pour upon the filtrate, along the 
side of the tube held slanting, a layer of dilute solution of 
ammonia — 2 parts of water to 1 part of solution of ammonia 
— and let the mixture stand for some time without shaking. 
The formation of a reddish-brown precipitate, which appears 
hovering cloud-like between the two layers (and may be seen far 
more readily and distinctly by reflected than by transmitted 
light), denotes the presence of arsenic. 

If the arsenic is present in some quantity, and the free nitric 
acid of the solution is exactly saturated with ammonia, the 
fluid being stirred during this process, the precipitate of arsenate 
of silver which forms imparts a brownish-red tint to the 
entire fluid. 

Add to the other portion of the acidified solution, first 122 
ammonia, then a mixture of sulphate of magnesia and 
chloride of ammonium, and rub the sides of the vessel 
with a glass rod. A crystalline precipitate of arsenate of 
magnesia and ammonia, which often forms only after long 
standing, and deposits the crystalline particles more particularly 
on the side of the vessel, shows the presence of arsenic. By way 
of confirmation, the arsenic compound may be reduced to the 
metallic state (compare § 132 and § 133). Whether the arsenic 
was present in the form of arsenious acid or in that of ar- 
senic acid, may be ascertained by the methods described 
§ 134, 9. 

b. Examination of the residue for antimony, tin, 123 
GOLD, platinum. (As the antimony, if present in the 
residue, must exist as white pulverulent antimonate of 
soda, the tin as white flocculent binoxide, the gold and platinum 
in the metallic state, the appearance of the residue is in itself in- 
dicative of its nature.) Transfer the precipitate to the inverted 
lid of a platinum crucible, or to a small platinum dish, heat with 
hydrochloric acid, add a little water, and throw in a small com- 
pact lump of pure zinc (more particularly, free from lead), no 
matter whether the precipitate has completely dissolved or not 
in the hydrochloric acid. This operation leaves the gold and 
platinum in the same state in which the fused mass contained 
them, viz., in the metallic state, to which the tin and antimony ai*e 
now likewise reduced by the action of the zinc. The antimony 
reveals its presence at once, or after a short time, by blackening 
the platinum. As soon as the disengagement of hydrogen has 
pretty nigh stopped, take out the lump of zinc, remove the solu- 
tion of chloride of zinc by cautious decantation, treat the metals 
with hydrochloric acid, and test the solution — ^which, if tin is 
present, must contain protochloride of tin — with chloride 
of mercury (§ 129,8). 

After removing the tin by repeated boiling with hydro- 124 

 Chloride of silyer will separate if the reagents were not perfectly pure, or the 
precipitate has not been thoroughly washed. 



iS6 ACTUAL EXAMINATION — COMPLEX COMPOUNDS. 

ohlorio acid, and all the hydrochloric acid by thoroughly 
washing with water, examine the insoluble residue (if one is left) 
as follows : Heat it in the platinum dish with some water, 
with addition of a few grains of tartaric acid, then add some 
nitric acid, and hetit gently. If the residue dissolves com- 
pletely, no gold or platinum is present ; if a residue is left un- 
dissolved, you must test it for these metals. For this purpose 
remove the acid solution (which may be tested again for anti- 
mony with hydrosulphuric acid) by decantation and washing, heat 
the residue, transferred to a porcelain dish, with a little aqua 
regia, evaporate the solution until but little of it is left, and test 
this small remainder for gold and platinum as directed § 128. 

§193. 

{Detection of the Metallic Oxides of Group V., 2nd Division : — Oxide of 
Leady Teroxide of BisrmUh, Oxide of Copper, Oxide of Cadmium, 
Oxide of Mercury ») 

Thoroughly wash the precipitate which has not been dis- 125 

SOLVED BY sulphide OP AMMONIUM, AND BOIL WITH NITRIC ACID. 

This operation is performed best in a small porcelain dish : the 
boiling mass must be constantly stirred with a glass rod during 
the process. A great excess of acid must be avoided. 

1. The precipitate dissolves, and there remains floating in 126 
the fluid only the separated light flocculent and yellow 
sulphur; this indicates the abscDce of mercury. Cadmium^ 
COPPER, L^AD, and bismuth may be present. 

Filter the fluid from the separated sulphur, and treat the filtrate as 
follows (should there be too much nitric acid present, the greater part of 
this must first be driven off by evaporation) : add to a portion of the 
filtrate dilute sulphuric acid in moderate quantity, heat gently, 
and let the fluid stand some time. 

a. No PRECIPITATE FORMS j abscuce of lead. Mix the re- 127 
mainder of the,filtrate with ammonia in excess, and gently heat. 
' a. iTo jK>rectpti5a^« w^brmec?/ absence of BISMUTH. If the 128 

liquid is blue, copper is present ; very minute traces of 
copper, however, might be overlooked if the color of the 
ammoniated fluid alone were consulted. To be quite safe, and 
also to test for cadmium, evaporate the ammoniated solution, 
nearly to dryness, add a little acetic acid, and, if necessary, 
some water, and 

aa. Test a small portion of the fluid for copper with 129 
ferrocyanide of potassium. The formation of a reddish- 
brown precipitate, or a light brownish-red turbidity, in- 
dicates the presence of copper (in the latter case only to 
a very trifling amount). 

lib. Mix the remainder of the fluid with solution of 130 
hydrosulphuric acid in excess. The formation of a yellow 
precipitate denotes cadmium. I^ on account of the pre- 
sence of copper, the sulphide of cadmium cannot be distinctly 
recognised, allow the precipitate produced by the hydrosulphuric 
acid to subside, decant the supernatant fluid, and add to the 
precipitate solution of cyanide of potassium until the sulphide 
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of copper is dissolved. If a yellow residue is left undis- 
solved, CADMIUM is present ; in t]^e contrary case, not. 
/3. A precipitate is formed. Bismuth is present. Filter 131 
the fluid, and test the filtrate for copper and cadmium as 
directed in (128)* To test the wsished precipitate more 
fully for bismuth, slightly dry the filter containing it between 
blotting-paper, remove the still moist precipitate with a platinum 
spatula, dissolve on a watch-glass in the least possible quantity of 
hydrochloric acid, and then add a proper €[uantity of water. The 
appearance of a milky turbidity confirms the presence of 
bismuth. 

h. A PRECIPITATE IS FORMED. Presence of lead. Mix 132 
the whole of the nitric acid solution in a porcelain dish with 
a sufficient quantity of dilute sulphuric acid, evaporate on 
the water-bath until the nitric acid is expelled, dilute the residue 
with some water containing sulphuric acid, filter off at once the 
sulphate of lead left undissolved, and test the filtrate for bismuth, 
copper, and cadmium, as directed in (127)-* Test the precipi- 
tate, after washing; by one of the methods described in § 123. 
2. The precipitate of the metaluc sulphides does not 133 
completeli; dissolve in the boiling nitric acid, but leaves 
a residue, besides the light flakes of sulphur that float 
IN THE FLUID. Probable presence of oxide of mercury (which may 
be pronounced almost certain if the precipitate is heavy and black)^ 
Allow the precipitate to subside, filter off the fluid, which is still to be 
tested for cadmium, copper, lead, and bismuth ; mix a small portion of 
the filtrate with a large amount of solution of hydrosulphuric acid, and 
should a precipitate form or a coloration become visible, treat the re- 
mainder of the filtrate according to the directions of (126)* 

Wash the residue (which may, besides sulphide of mercury, also con- 
tain sulphate of lead, formed by the action of nitric acid upon sulphide 
of lead, and also binoxide of tin, and possibly sulphide of gold and sul- 
phide of platinum, as the separation of the sulphides of tin, gold, and 
platinum from the sulphides of the metals of the fifth group is often 
incomplete), and examine one half of it for mercury,t by dissolving it in 
some hydrochloric acid, with addition of a very small proportion of chlorate 
of potassa, and testing the solution with copper or protochloride of tin 
(§ 119) ; fuse the other half with cyanide of potassium and carbonate of 
soda, and treat the fused mass with water. If metallic grains remain, 
or if a metallic powder is left undissolved, wash this residue, heat with 
nitric acid, and test the solution obtained with sulphuric acid for lead. 
Wash the residue which the nitric acid may leave undissolved, and 
extract from it any hydrate of metastannic acid which it may contain, 
according to the directions of § 130, 1, as metastannic chloride. Should a 
metallic powder be left undissolved in the process, heat it with aqua 
regia, and test the solution for gold and platinum as directed § 128. 

* For another method of distiDguishing cadmium, copper, lead, and bismuth from 
each other, I refer to the Third Section (additions and remarks to § 193). 

t If you have an aqueous solution, or a solution in very dilute hydrochloric acid, the 
oxide of mercury formed was present in the original substance in that form ; but if the 
solution has been prepared by boiling with concentrated hydrochloric acid, or by heating 
with nitric acid, the mercury may most likely have been originally present in the form 
of suboxide, and may have been converted into oxide in the process. 
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§194 

{Precipitation with Sulphide of Ammonium, S^aration and Detection of 
the Oxides of Groups III. and IV : Alumina^ Sesquioxide of Chromium ; 
— Oxide of Zinc f Protoxide of Manganese, Protoxide of Nickd, ProU 
oxide of Cobalt, Proto- and Sesquioxide of Iron ; and also of those 
Salts of the AUcaline Ea/rths which a/re precipitated by Ammonia from 
their Solution in Hydrochloric Acid: Phosphates, Borates, Oxalates, 
Silicates, and Fluorides.) 

Put a smaU portion of the fluid in which solution of hydro- 134 

SULPHURIC ACID HAS FAILED TO PRODUCE A PRECIPITATE (110)} 
OR OF THE FLUID WHICH HAS BEEN FILTERED FROM THE PRECI- • 

PiTATE FORMED (112)» ill » test-tube, observe whether it is colored or 
not,* boil to expel the hydrosulphuric acid which may be present, add a 
few drops of nitric acid, boil, and observe again the color of the fluid ; 
then cautiously add ammonia to alkaline ireaction, observe whether this 
produces a precipitate, then add some sulphide of ammonium, on 
matter whether ammonia has produced a precipitate or not. 

a. Neither ammonia nor sulphide of ammonium pro- 135 
DUCES a precipitate. Pass on to § 195, for iron, nickel, 
cobalt, zinc, manganese, sesquioxide of chromium, alumina, 
are not present, nor are phosphates, borates,t silicates, and oxalates;^ 
of the alkaline earths; nor fluorides of the metals of the alkaline 
earths, nor silicic acid— K)riginall7 in combination with 
alkalies. 

6. Sulphide of ammonium produces a precipitate, ammo- 136 
NiA haying failed TO DO SO ; absence of phosphates, borates,t 
silicates, and oxalates]; of the alkaline earths ; of the fluorides 
of the metals of the alkaline earths ; of silicic acid— originally in 
combination with alkalies; and also, if no organic matters are 
present, of iron, sesquioxide of chromium, and alumina. Pass 
on to (138). 

c. Ammonia produces a precipitate before the addition 137 
of sulphide of ammonium. The course of proceeding to be 
pursued now depends upon whether, (a) the original solution 
is simply aqueous, and has a neutral reaction, or (/3) the original 
solution is acid or alkaline. In the former case pass on to (138)9 
since phosphates, borates, oxalates, and silicates of the alkaline 
earths cannot be present ; nor can fluorides of the metals of the 
alkaline earths, nor, lastly, silicic acid in combination with alkaliea 

* If the fluid is colorless, it contains no chromium. If colored, the tint will to some 
extent act as a guide to the nature of the substance present ; thus a green tint, or a 
violet tint turning green upon boiling, points to the preseooe of chromium ; a light gre&a 
tint to that of nickel ; a reddish color to that of cobalt; the turning yellow of the fiuid 
upon boiling with nitric acid to that of iron. It must, however, be always borne in mind 
that these tints are perceptible only if the metallic oxides are present in larger quantity, 
and also that complementary colors, such as, for instance, the green of the nickel solution 
and the red of the cobalt solution will destroy each other, and that, accordingly, a solu- 
tion may contain both metals and yet appear colorless. 

t Presence of much chloride of ammonium has a great tendency to prevent the pre- 
cipitation of borates of the alkaline earths.* 

X Oxalate of magnesia is thrown down from hydrochloric acid solution by ammonia 
after some time only, and never completely ; dilute solutions are not precipitated by 
ammonia. 
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la the latter case regard must be bad to tbe possible presence 
of all the bodies enumerated in (135) •* pass on to (150) • 
1. Detection of the bases of Groups III. and IV. if phos- 138 

PHATES, <&a, OF the ALKAUNE EARTHS ARE NOT PRESENT.* 

Mix the fluid mentioned at the beginning of the paragraph 
(134)) ft portion of which you have submitted to a preliminary exami- 
nation, with some chloride of ammonium, then with ammonia, just to 
alkaline reaction, lastly with sulphide of ammonium until the fluid, after 
being shaken, smells distinctly of that reagent j shake the mixture until 
the precipitate begins to separate in flakes, heat gently for some time, 
and Alter. 

Keep the FlLTRATE,t which contains, or may contain, the bases of 
Groups II. and I., for subsequent examination according to the directions 
of § 195. Wash the precipitate with water to which a very little 
sulphide of ammonium has been added, then proceed with it as 
follows : — 

a. It has a pure white color ; absence of iron, cobalt, 139 
nickel. You must test for all the other bases of Groups III. 
and IY.,as the faint tints of sesquioxide of chromium and sul- 
phide of manganese are imperceptible in a large quantity of a white 
precipitate. Dissolve the precipitate by heatiug it in a small dish 
with the least possible amount of hydrochloric acid ; boil — should 
hydrosulphuric acid be evolved — until this is completely expelled, 
concentrate by evaporation to a small residue, add concentrated 
solution of soda in excess, heat to boiling, and keep the 
mixture for some time in a state of ebullition. 

€u The precipitate formed cU first dissolves completely in 140 
the excess ofsdviion of soda. Absence of manganese and 
chromium, presence of alumina or oxide of zinc. Test a 
portion of the alkaline solution with solution of hydrosulphuric 
acid for zinc ; acidify the remainder with hydrochloric acid, add 
ammonia slightly in excess, and apply heat The formation of 
a white flocculent precipitate shows the presence of alumina. 

/3. The precipitate formed does not dissolve, or dissolves 141 
only partially, in the excess ofsoltdion of soda. Filter and 
test the FILTRATE, as in (140)> for zinc and alumina. With 
the undissolved precipitate, which, if containing manganese, 
looks brown or brownish, proceed as follows : — 

aa. If the color of the solution gives you no reason to suspect 
the presence of chromium, test the precipitate for manganese, 
by means of the reaction with carbonate of soda in the 
outer blowpipe flame. 

66. But where the color of the solution indicates 142 
chromium, the examination of the residue insoluble in 
solution of soda is more complicated, since it may in 
that case contain also oxide of zinc, possibly even the whole 

* This simpler method will fully answer the purpose in most cases ; for very accu- 
rate analysis the method beginning at (150) ^ preferable, as this will permit also the 
detection of minute quantities of alkaline earths, which may have been thrown down 
together with the alumina and sesquioxide of chromium. 

f If the filtrate has a brownish color, this points to the presence of nickel, sulphide 
of nickel, as is well known, being, under certain circumstances, slightly soluble in 
sulphide of ammonium; this, however, involTes no modification of the analytical 
ooorse. 
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quantity present of this metal (§ 112). Dissolre the preci- 
pitate therefore in hydrochloric acid, evaporate the solution to 
a small residue, dilute, nearly neutralize the free acid with car- 
bonate of soda, add carbonate of baryta in slight excess, let the 
fluid digest in the cold until it has become colorless, filter, and 
test the precipitate for chromium, by fusion with carbonate 
of soda and nitrate of soda (§ 102, 8). Bemoye the baryta from 
the filtrate, by precipitating with some sulphuric acid, filter, 
evaporate to a small residue, add concentrated solution of 
potassa or soda in excess, and test the filtrate for zinc with 
hydrosulphuric acid, the precipitate, if any, for manganese 
as in aa. 
h. It is not white ; this points to the presence of 143 
chromium, manganese, iron, cobalt, or nickel If it is black, 
or inclines to black, one of the three metals last-mentioned is 
present. Under any circumstances all the oxides of Groups IIL 
and IV. must be looked for. 

Kemove the washed precipitate from the filter with a spatula, or 
by rinsing it with the aid of a washing-bottle, through a hole made 
in the bottom of the filter, into a test-tube, and pour over it 
rather dilute cold hydrochloric acid in moderate excess. 

a. It dissolves completely (except perhaps a little sulphur, 144 
which may separate) ; absence of cobalt and nickel, at least 
of notable quantities of these two metals. 

Boil until the hydrosulphuric acid is completely expelled, filter 
if particles of sulphur are suspended in the fluid, concentrate by 
evaporation to a small residue, add concentrated solution of 
potassa or soda in excess, boil, filter the fluid from the insoluble 
precipitate which is sure to remain, wash the latter, and 
proceed first to examine the filtrate, then the precipitate. 

aa. Test a small portion of the JUlrate with hydro- 145 
sulphuric acid for zinc; acidify the remainder with 
hydrochloric acid^ then test with ammonia for alumina. 
Compare (140). 

bb. Dissolve a small portion of the precipitate in hydro- 146 
chloric acid, and test the solution with sulphocyanide of 
potassium for iron. Test another portion for chromium, 
by fusing together with carbonate and nitrate of soda (§ 102, 8). 
If no chromium has been found, examine the remainder for 
MANGANESE, by the reaction of carbonate of soda in the 
oxidizing flama If chromium is present, on the other hand, 
test the remainder of the precipitate for manganese and ziuo 
(of which latter metal the precipitate may in that case possibly 
contain the entire quantity originally present in the com- 
pound under examination [§U 12] ) as directed (142)* 
j8. T?ie precipitate is not completdy dissolved, a black re- 147 
sidue being left ; this indicates the presence of cobalt and 
nickel. Filter, wash the undissolved precipitate, and test 
the filtrate as dii^cted (144) > proceed wiUi the residuary 
precipitate as follows : — 

aa. Test a small portion of it with borax, first in the 148 
outer, then in the inner blowpipe-flame. If the bead in 
the oxidizing flame is violet whilst hot^ and of a pale 
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reddish-brown when cold, and turns in the reducing flame 
gray and turbid, nickel is present ; but if the color of the 
bead is and remains blue in both flames, and whether hot or 
cold, COBALT is present. As in the latter case the pre- 
sence of nickel cannot be distinctly recognised, examine 

hb. The remainder of the precipitate by incinerating 149 
it together with the filter in a cml of platinum wire, 
heating the ash with some hydrochloric acid, filtering 
the solution, then evaporating nearly to dryness, and adding 
nitrite of potassa and, lastly, acetic acid (§ 109, 10). If a 
yellow precipitate forms, after standing for some time at a 
gentJe heat, this confirms the presence of cobalt. Filter after 
about twelve hours, and test the filtrate with solution of 
soda for nickeL 
2. Detection of the bases of groups IIL and IY. in cases 150 
where phosphates, borates, oxalates, or silicates of the ill* 
kaline earths, or fluorides of the metals of the alkalhj^ 
sa.rths, ob hydrate of silicic acid, mat possibly have been thrown 
DOWN ALONG WITH TH£8E BASES, 1,6., in cases where the original solution 
was acid or alkiUine, and a precipitate was produced by ammonia in the 
]»eliminary examination. See (134)* 

Mix the fluid mentioned in (134) ^ith some chloride of ammonium, 
then with ammonia just to alkaline reaction, lastly with sulphide of 
ammonium until the fluid, after being shaken, smells distinctly of the 
reagent ; shake the mixture until the precipitate begins to separate in 
flakes, heat gently for some time, and filter. Keep the filtrate, which 
contains, or may contain, the bases of Groups II. and I., for subsequent 
examination according to the directions of § 195. Wash the precipitate 
with water to which a very little sulphide of ammonium has been 
added, then proceed with it as directed in (152)' To give a clear notion 
of the obstacles to be overcome in this analytical process, I must remind 
you that it is necessary to examine the precipitate for the following 
bodies : Iron, nickel, cobalt (these show their presence to a certain 
extent by the black or blackish coloration of the precipitate), iMmganese, 
zinc, sesquioxide of chromium (the latter generally reveals its presence 
by the color of the solution), alumina ; — baryta, strontia, lime, magnesia, 
which latter substances may have fallen down in combination with phos- 
phoric acid, boracic acid, oxalic acid, silicic acid, or in form of fluorides. 
Besides these bodies, free silicic acid may also be contained in 
the precipitate as hydrate. 

As the original substance must, under all circumstances, be 151 
afterwards examined for all acids that might possibly be present, 
it is not indispensable to test for the above enumerated acids at 
this stage of the analytical process ; still, as it is often interesting to 
know these acids at once, more especially in cases where a somewhat 
large proportion of some alkaline earth has been found in the precipitate 
produced by sulphide of ammonium^ a method for the detection of the 
acids in question will be found appended by way of supplement to 
the method for the detection of the bases. 

Bemove the precipitate from the filter with a small spatula, or 152 
by rinsing it off with the washing-bottle, and pour over it cold 
dilute hydrochloric acid in moderate excess. 

a. A RESIDUE remains. Filter, and treat the filtrate a» 153 

%. B 



4 



242 ACTUAL EXAMINATION — COMPLEX COMPOUNDS. 

directed in (154)* ^he residue, if it is black, may contain sulphide 
of nickel and sulphide of cobalt and, besides these, sulphur and 
silicic acid. Wash, and examine a sample of it in conjunction with 
phosphate of soda and ammonia before the blowpipe, in the outer 
flame. If a silica skeleton remains undissolved (§ 150, 8), this proves 
the presence of silicic acid. If the color of the bead is blue, cobalt 
is present ; if reddish, turning yellow on cooling, nickel. Should 
the color leave jou in doubt, incinerate the filter containing the 
remainder of the residue, and test for cobalt and nickel by 
means of nitrite of potassa, as directed (149)* 

b. No residue is left (except perhaps aHittle sulphur, 154 
which may separate) : absence of nickel and cobalt, at least 
in any notable proportion. 

Boil the solution until the sulphuretted hydrogen is ex- 
pelled, filter if necessary, and then proceed as follows : 

a. Mix a small portion of the solution with dilute 155' 
sulphuric acid. If a precipitate forms, this may consist of 
sulphates of baryta and strontia, possibly also of sulphate 
of lime. Filter, wash the precipitate, and examine it either by 
the coloration of flame (see § 99, at the end), or decompose it by 
boiling or fusion with carbonated alkali, wash the carbonates pro- 
duced, dissolve them in hydrochloric acid, and test the solution as 
directed § 195. Mix the fluid which has not been precipitated 
by dilute sulphuric acid, or the fluid filtered from the precipitate 
produced, with 3 volumes of spirit of wine. If a precipitate 
forms, this consists of sulphate of lime. Filter, dissolve in 
water, and add oxalate of ammonia to the solution, as a 
confirmatory proof of the presence of lime. 

/3. Heat a somewhat larger sample with some nitric 156 
acid, and test a small portion of the fluid with sulpho- 
cyanide of potassium for iron j^* mix the remainder with 
sesqui^loride of iron in sufficient quantity to make a drop of 
fluid give a yellowish precipitate t when mixed on a watch-glass 
wilji a drop of ammonia ; evaporate the fluid now until there is 
only a small quantity left ; add to this some water, then a few 
drops of solution of carbonate of soda, just sufficient to nearly 
neutralize the free acid, and lastly carbonate of baryta in slight 
excess; stir the mixture, and let it Htand in the cold until -the 
fluid above the precipitate has become colorless. Filter now 
the precipitate {aa) from the solution {bb), and wash. 

aa. Boil the precipitate for some time with solution of 157 
soda, filter, and test the filtrate for alumina, j: by heating 

* Whether the iron was present as sesquioxide or as protoxide, must be ascertaiDed 
by testing the original solution in hydrochloric acid with ferricyanide of potassium and 
sulphocyanide of potassium. 

f The addition of sesquichloride of iron is necessary, to effect the separation of phos- 
phoric acid and silicic acid which may be present. 

t If the solution contains silicic acid, the precipitate'taken for alumina may also eoB- 
tain silicic acid. A simple trial with phosphate of soda and ammonia, on a platinum 
wire, in tlie blowpipe flame, will show whether the precipitate really contains silicic 
acid. Should this be the case, ignite the remainder of the supposed alumina precipi- 
tate on the lid of a platinum crucible, add some acid sulphate of potassa, fuse the 
mixture, and treat the fused mass with hydrochloric acid, which will dissolve the 
alumina, leaving the silicic acid undissolved ; pracipitate the alumina from the sola* 
tion by ammonia. 
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with chloride of ammonium in excess. The part of the 
precipitate insoluble in solution of soda is examined for chro- 
MiUH, by fusion with nitrate of potassa and carbonate of soda 
(§ 102, 8). 

bb. Mix the soluiian first with a few drops of hydrochloric 
acid, boil to expel the whole of the carbcu^ acid, then 
add some ammonia and sulphide of ammoMnn. 

ao. JV6 precipitate forma : absence of manganese 158 
and zinc. Mix the solution containing chloride of 
barium with dilute sulphuric acid in slight excess, 
boil, filter, supersaturate with ammonia, and mix with 
oxalate of ammonia. If a precipitate of oxalate of luck 
forms, filter, and test the filtrate with phosphate of 
soda for magnesia. 

/3/3. A predpitcUe forms. Filter, and proceed with 159 
the filtrate according to the directions of (158)- The 
precipitate may consist of sulphide of manganese and 
sulphide of zinc, and may contain traces also of sulphide 
of cobalt and sulphide of nickel. Wash it with water 
containing some sulphide of ammonium, then treat with 
acetic acid, which will dissolve the sulphide of manganese, 
if any is present, leaving the other sulphides undissolved. 
Filter, boil the filtrate with solution of soda, and test the 
precipitate, which may form, with carbonate of soda in the 
outer blowpipe flame for manganese. Free the residuary 
part of the precipitate which acetic acid has failed to dissolve, 
by washing, from the acetic acid solution still adhering to it, 
and then treat it with dilute hydrochloric acid, which will 
dissolve the zinCy if any is present. Filter, add some nitric 
acid to the filtrate, and concentrate the mixture considerablv 
by boiling ; then add to it concentrated solution of soda in 
excess, boil, filter if necessary, and test the filtrate with 
sulphide of ammonium for zing. Should a precipitate 
insoluble in solution of soda remain in the last operation, 
or should the dilute hydrochloric acid have left a black 
residue, test this precipitate and residue for cobalt and 
NICKEL, if you have not already previously detected 
the presence of these bodies ; compare (148 s.nd 149)* 
y. If you have found alkaline earths in a and jS, and 160 
wish to know the acids in combination with which they 
have passed into the precipitate produced by sulphide of 
ammonium, this may be ascertained by making the following 
experiments with the remainder of the hydrochloric acid 
solution. 

oa. Evaporate a small portion in a small dish or on a 161 
watch-glass on the water-bath, dry the residue thoroughly, 
then treat with hydrochloric acid. If there was any 
SILICIC ACID in the solution, this will be left undissolved. Test 
the solution now for phosphobic acid, by means of molybdic 
acid (§ U2, 10). 

bb. Mix another portion with carbonate of soda in excess, 
boil for some time, filter, and test one-half of the filtrate for 
OXALIC ACID, by acidifying with acetic acid and adding solution 

b2 
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of sulphate of lime ; the other half for bobaoic acid, by slightly 
acidifying with hydrochloric acid, and testing with 
turmeric-paper (§ 144 and § 145.) 

ee. Precipitate the remainder with ammonia, filter, 132 
wash and diy the precipitate, and examine it for fluobine 
aocordijUkto § 146, 5. 



§ 195« 

{Sep(vr(Uion cmd Detection of the Oxides of Group II, which cute jyrecipi- 
toted by CcvrhoruUe of Ammonia in Presence of Chloride of Ammoniwm^ 
viz,. Baryta, Strontia, Lime), 

To A SMALL POBTION OF THE FLUID IN WHICH AMMONIA AND SUL- 
PHIDE OF AMMONIUM ^HAVE FAILED TO PBODUCE A PRECIPITATE (ISS}^ 
OB OF THE FLUID FILTEBED FBOM THE PBECIPITATB FORMED, ADD CHLO- 
RIDE OF AMMONIUM, IF THE SOLUTION CONTAINS NO AMMONIACAL SALT, 
THEN OABBONATE OF AMMONIA AND SOME CAUSTIC AMMONIA, AND 
HEAT FOB SOME TIME VEBT OENTLT (not to boiling). 

1. No PRECIPITATE FORMS : absence of any notable quantity of 163 
baryta, strontia, and lime. Traces of these alkaline earths may, 
however, be present : to detect them, add to another portion of 

the fluid some sulphate of ammonia (prepared by supersaturating dilute 
iBulphuric acid with ammonia) : if the fluid becomes turbid, it contains 
traces of babtta ; add to a lliird portion some oxalate of ammonia ; if 
the fluid turns turbid — which reaction may perhaps require some time 
to manifest itself — traces of lime are present. Treat the remainder of 
the fluid as directed § 196, after having previously removed the traces 
of lime and baryta which may have been found, by means of the 
reagents that have served to eflect their detection. 

2. A PRECIPITATE IS FORMED. Presence of lime, babyta, or 164 
8TB0NTIA. Treat the whole fluid of which a portion has been 
tested with ammonia, and carbonate of ammonia, the same as the 
sample, filter off the precipitate formed, after gently heating, as directed 
above, and test portions of the filtrate with sulphate and oxalate of 
ammonia for traces of lime and baryta, which it may possibly still con- 
tain ; remove such traces, should they be found, by means of the said 
reagents, and examine the fluid, thus perfectly freed from baryta, strontia, 
and lime, for magnesia according to the directions of § 196. Wash tiie 
precipitate produced by carbonate of ammonia, dissolve it in the least 
possible amount of dilute hydrochloric acid, and add to a small portion 
of the fluid a sufficient quantity of solution of sulphate of lime. 

a, No precipitate is formed, not even afteb the lapse of 
SOME TIME. Absence of baryta and strontia; presence of limb. 
To remove all doubt, mix another sample with oxalate of 

' ammonia. 

b. A precipitate is forjned by solution of sulphate of lime, 

a. It is formed immediately ; this indicates babyta. 166 
Besides this, stronfia and lime may also be present. 

Evaporate the remainder of the hydrochloric acid solu- 
tion of the precipitate produced by carbonate of ammonia to 
dryness, digest the residue with strong alcohol, decant the. fluid 
from the undissolved chloride of barium, dilute with an equal 
volume of water^ mix with a few drops of hydrofluosilicic acid — 
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which will throw down the small portion of baryta that had dis- 
solved in form of chloride of barium — allow the mixture to stand 
for some time ; filter, and mix the filtrate with dilnte salphuric 
acid. The formation of a precipitate indicates the presence of 
stroDtia or lime, or of both. Filter after some time, wash the 
precipitate with weak spirit of wine, boil "^i^h solution of car- 
bonate of soda, to convert the sulphates iiRP carbonates, filter 
these of^ wash, dissolve in hydrochloric acid, evaporate the 
solution to dryness, dissolve the residue in water, and test a 
portion of the solution with dilute solution of sulphate of 
potassa (§ 96, 3). If a precipitate forms immediately, or in the 
course of half an hour, the presence of stromtia is demonstrated. 
In that case let the fluid with the precipitate in it stand at rest 
for some time, then filter, and add ammonia and oxalate of am- 
monia to the filtrate. The formation of a white precipitate 
indicates luce. If sulphate of potassa has failed to produce a 
precipitate, the remainder of the solution of the residue left upon 
evaporation is tested at once with ammonia and oxalate of 
ammonia for lime. . • 

/3. It 18 formed only after some time. Absence of bary ta, 166 
presence of strontia. Mix the remainder of the hydro- 
chloric acid solution with sulphate of potassa, let the 
mixture stand for some time, then filter, and test the filtrate 
with ammonia and oxalate of ammonia for lihk. 

§196. 
(ExammcUian for Magneakt.) 

To A PORTION or THE FLUID IN WHICH CARBONATE, SULPHATE, AND 
OXALATE OP AMMONIA HAVE FAILED TO PRODUCE A PRECIPITATE (163) OR 
OP THE FLUID FILTERED FROM THE PRECIPITATES FORMED (164)» -A.DD 
AMMONIA, THEN SOME PHOSPHATE OF SODA, AND, SHOULD A PRECIPITATE 
NOT AT ONCE FORM, RUB THE INNER SIDES OF THE OLASS-TUBE WITH 
A GLASS ROD, AND LET THE MIXTURE STAND FOR SOME TIME. 

1. No PRECIPITATE IS FORMED ; absence of magnesia. Evapo- 167 
rate another portion of the fluid to dryneRS,* and ignite gently. 

If a residtie remains^ treat the remainder of the fluid the same 
as the sample, and examine the residue, which by the moderate ignition 
to which it has been subjected has been freed from ammonia, for potassa 
and soda^ according to the directions of § 197. — If no residvA is left, this 
is a proof of the absence of the fixed alkalies ; pass on at once to 
i 198. 

2. A PRECIPITATE IS FORMED *. presence of maonesiX. As testing 168 
for alkalies can proceed with certainty only after the removal of 
magnesia, evaporate the remainder of the fluid to dryness, and 
ignite until all ammoniacal salts are removed. Warm the residue 
with some water, add baryta-water (prepared from the crystals) as 
long as a precipitate continues to foim, boil, filter, add to the filtrate a 
mixture of carbonate of ammonia with some caustic ammonia in slight 
excess, heat for some time gently, filter, evaporate the filtrate to dryness, 

* The most conTenient way is to conduct the eyaporation on the lid of a platinum 
crncible. 
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adding some cUoride of ammonium daring the process (to eonyert into 
chlorides the caustic alkalies or alkaline carbonates that may happen to 
form), ignite the residue gently, then dissolve in a little water, precipi- 
tate if necessary once more with ammonia and carbonate of ammonia, 
evaporate again, and if a residue remains, ignite tl^is gently, and examine 
it according to th^irections of § 197. 

§ 197. 
{ExiMninaiion for Foiassa and Soda,) 

You HAVE NOW TO EXAMINB FOR POTASSA AND SODA THE GENTLY 
IGNriED BESIDUB, FBEE FROM SALTS OF AHMONIA AND ALKALINE EARTHS, 
WHICH HAS BEEN OBTAINED IN (IG?)^ OR IN (168)- 

Dissolve it in a little water, filter if necessary, evaporate until there is 
only a small quantity of fluid left, and transfer one-half of this to 
a watch-glass, leaving the other half in the porcelain dish. 

1. To the one-half in the porcelain dish add, after cooling, a few 169 
drops of solution of bichloride of pkUinum, If a yellow crystal- 
line precipitate forms immediately, or after some time, potassa is 
present S hould no precipitate form evaporate to dryness at a gentle 
heat, and t eat the residue with a very small quantity of water, or, if 
chlorides alone are present, with a mixture of water and alcohol, when 
the presence of minute traces of potassa will be revealed by a small 
quantity of a heavy yellow powder being left undissolved (§ 89, 3). 

2. To the other half of the fluid (on the watch-glass) add some 170 
cmtimonate of potassa. If this produces at once or after some time 

a crystalline precipitate, soda is present. If the quantity of soda 
present is only very trifling, it often takes twelve hours before minute 
crystals of antimonate of soda will separate ; you must therefore always 
wait full that time for the possible manifestation of the reaction, before 
deciding from its non-appearance that no soda is present As regards 
the form of the crystals, consult § 90, 2. 

§ 198. 

(EaxMnination for Ammonia.) 

There remains still the examination for ammonia. Tritu- 171 
rate some of the body under examination or, if a fluid, a portion 
of the latter, together with an excess of hydrate of lime, and, if 
necessary, a little water. If the escaping gas smells of ammonia, if it 
restores the blue color of reddened litmus-paper, and forms white fumes 
with hydrochloric acid vapors, brought into contact with it by means of 
a glass rod, ammonia is present. The reaction is the most sensitive if 
the trituration is made in a small beaker, and the latter covered with a 
glass plate with a slip of moistened turmeric or moist reddened litmus- 
paper adhering to the under side« 
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Complex Compounds. 
A, 1. Substances soluble ik Water. 

DETECTION OF ACIDS.* 

I. In the Absence of Organic Adds. 

§ 199. 

Consider, in tlie first place, which are the amds that form with the 
bases found oompoiinds soluble in water, and let this guide you in the 
examination. To students the table given in Appendix lY. will 
prove of considerable assistance. 

1. The ACIDS of ARSENIC, as well as carbonic acid, hydrosul- 172 
PHURic ACID, CHROHic ACID, and siucic ACID, have generally been 
detected already in the course of testing for the bases ; see (67) 

and (68). 

2. Add to a portion of the solution chloride of barium or, if lead, 
silver, or suboxide of mercury are present, nitrate of baryta^ and, should 
the reaction of the fluid be acid, add ammonia to neutral or 
slightly alkaline reaction. 

a. No PRECIPITATE IS FORMED : absence of sulphuric acid, 173 
phosphoric acid, chromic acid, silicic acid, oxalic acid, arse- 
nious and arsenic acids, as well as of notable quantities of 
boradc acid and hydrofluoric acid.t Pass on to (175)« 

6. A PRECIPITATE IS FORMED. Dilute the fluid, and add 174 
hydrochloric acid or, as the case may be, nitric acid ; if the 
precipitate does not redissolve, or at least not completely, 
sulphuric acid is present 

3. Add nitrate of silver to a portion of the solution. If tnis 175 
&ils to produce a precipitate, test the reaction, and if acid, add to 

the fluid some dilute ammonia, taking care to add the reagent so 
gently and cautiously that the two fluids do not intermix ; if the re- 
action is alkaline, on the other hand, add with the same care some dilute 
nitric acid, instead of ammonia, and watch attentively whether a 
precipitate or a cloud will form in the layer between the two fluids. 

a. No precipitate is formed in the later between the 176 
TWO fluids, neither immediately nor after some time. 

Pass on to (181) i there is neither chlorine, bromine, iodine, 
cyanogen^ feiTO- and ferricyanogen present, nor sulphur; nor 
phosphoric acid, arsenic acid, arsenious acid, chromic acid, silicic 
acid, oxalic acid ; nor horacic acid, if the solution was not too 
dilute. 

b. A precipitate is formed. Observe the color§ of it, 177 
then add nitric acid, and shake the mixtura 

* Consult also the ezplanations in Section III. 

f If the solution contains an ammoniacal salt in somewhat considerable proportion, the 
non-formation of a precipitate cannot be considered a conclusive proof of the absence 
of these acids, since the baryta salts of most of them (not the sulphate) are in pre- 
sence of ammoniacal salts more or less soluble in water. 

X That the cyanogen in cyanide of mercury is not indicated by nitrate of silver has 
been mentioned (73)* 

§ Chloride, bromide, cyanide, and ferrocyanide ot silver, and oxalate, silicate, and 
borate of silver are white ; iodide of silver, tribasic phosphate, and arsenite of silver 
•re yellow ; arsenate of silver and femcyanide of silver are brownish-red ; ohromatti uf 
silver is purple-red ; sulphide of silver black* 
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a. The precipUaie redissotvea completdy : absence of chlorine, 
bromine, iodine, cyanogen, ferro- and ferricyanogen, and 
also of snipbtir. Pass on to {181)- 

j8. A remdue is left : chlorine, bromine, iodine, cyanogen, 178 
ferro- or ferricyanogen may be present ; and if the residue 
is black or blackish, htdsosulphuric acid or a soluble 
METALLIC SULPHIDE. — The presence of sulphur may, if necessary, 
be readily established beyond doubt, by mixing another portion 
of the solution with some solution of sulphate of copper. 

oo. Test another portion of the fluid for iodine, and sub- 
sequently for BROMINE, by the methods described in 
§157. 

bb. Test a small portion of the fluid with sesqui- 179 
chloride of iron for ferroctanoobk; and, if the color of 
the silver precipitate leads you to suspect the presence of 
febbicyanooen, test another portion for this latter substance 
with sulphate of iron. — If the original solution has an alkaline 
reaction, some hydrochloric acid must be added before the ad-* 
dition of the sesquichloride of iron, or the sulphate of iron. 

CO. Ctakooen, if present in form of a simple cyanide of an 
alkali metal soluble in water, may usually be readily recognised 
by the smell of hydrocyanic acid which the body under examina- 
tion emits, and which is rendered more strongly perceptible by 
addition of a little dilute sulphuric acid. — If no ferrocyanogen 
or ferricyanogen is present, the presence of cyanogen 
may be ascertained by the method given in § 155, 6. 

dd. Should bromine, iodine, cyanogen, ferrocyanogen, 180 
ferricyanogen, and sulphur not be present, the precipi- 
tate which nitric acid has £Ekiled to dissolve consists of 
chloride of silver. 

But where the analytical process has revealed the presence of 
any of the other bodies, a special examination for chlorine may 
become necessary, viz.. in cases where the quantUy of the pre- 
dpitate will not enable the operator to pronounce with positive 
certainty on the presence or absence of the latter elements* 
In such cases, which are of rare occurrence however, the 
methods given in § 157 are resorted to. 

4. Test another portion for nitric acid, by means of sulphate 181 
of iron and sulphuric acid (§ 159). 

5. To ascertain whether chloric acid is present, pour a little 
concentrated sulphuric acid over a small sample of the solid substance on 
a watch-glass : ensuing yellow coloration of the acid resolves the question 
in the affirmative (§ 160). 

You have still to test for phosphoric acid, boracic acid, silicio acid, 
oxalic acid, and chromic acid, as well as for hydrofluoric acid. 

For the first five acids test only in cases where both chloride of barium 
and nitrate of silver have produced precipitates in neutral solutions. 
Compare also foot note to (173)* 

6. Test for phosphoric acid» by adding to a portion of the fluid 

* SupponDg, for mstance, the solution of nitrate of silver to have produced a copious 
precipitate iosoluble in nitric acid, and the subsequent examination to have shown 
nitre traces of iodine and bromine, the presence of chlorine may be held to be demou- 
strated, without requiring additional prJuf* 



DETECTION OT ACID3. 24^- 

ammonia in excess, then chloride of ammonium and sulphate of 182 
magnesia (§ 142, 7). Very minute quantities of phosphoric acid 
are detected most readily by means of molyfodic acid (§ H2, 10), 

7. To effect the detection of oxalic acid and hydrofluoric acid, add 
chloride of calcium to a fresh portion of the solution. If the reaction of 
the fluid is acid, add ammonia to alkaline reaction. If the chloride of 
calcium produces a precipitate which is not redissolved by addition of 
acetic acid, one or both -bodies are present. Examine therefore now a 
sample of the original substance for fluorine according to the directions 
of § 146, 5, another sample for oxalic acid by the method given in 

§ 145, 7. 

8. Acidulate a portion of the fluid slightly with hydrochloric 183 
acid, then test for boragic acid, by means of turmeric-paper 

(§ 144, 6). 

9. Should SILICIC ACID not yet have been found in the course of 
testing for the bases, acidulate a portion of the fluid with hydrochloric 
acid, evaporate to dryness, and treat the residue with hydrochloric acid 
(§ 150, 3). 

10. Chromic acid is readily recognised by the yellow or red color of 
the solution, and by the purple-red color of the precipitate produced by 
nitrate of silver. If there remains the least doubt on the point, test 
for chromic add with acetate of lead and acetic acid (§ 138, 7). 

Complex Comptyunda. ^ ^. 




A, 1. Substances soluble in Water* 

DETECTION OF ACIDS. 

IL In Presence of Organic Adds. 

§ 200. 

1. The examination for the inorganic acids, inclusive of oxalic 184 
acid, is made in the manner described in § 199. As the tartrates 

and citrates of baryta and oxide of silver are insoluble in water, 
tartaric acid and citric acid can be present only in cases where both 
chloride of barium ami nitrate of silver have produced precipitates in! 
the neutral fluid ; still, in drawing a conclusion, you must bear in 
mind that the said salts are slightly soluble in solutions of salts of 
ammonia. 

The proper testing for the organic acids requires in the first place the 
removal of those bases the presenee of which might prove an obstacle, 
Le,, all the bases of groups III., I V., V., and VI. Their removal is effected 
by the methods described in § 184, at the beginning; and the ex- 
amination for tiie organic adds is then conducted as follows : — 

2. Make a portion of the fluid feebly alkaline by addition of 185 
ammonia, add some chloride of ammonium, then chloride of cal- 
cium, shake vigorously, and let the mixture stand at rest from ten 

to twenty minutes. 

a. No PRECIPITATE IS FORBCED, NOT EVEN AFTER THE LAPSE OF 

BOMS TIME. Absence of tartaric acid ; pass on to (186)' 

6. A PRECIPITATE is FORMED IMMFJ>IAT£LY, OR AFTER SOUS 

TIME. Filter, wash, and keep the iiltrate for further examination 
according to the directiomi of (186)« 
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Digest and shake the precipitate with solution of soda, without 
applying heat, then dilute with a little water, filter, and boil the 
filtrate some time. If a precipitate separates, tabtabic acid may 
be assumed to be present. Filter hot, and subject the precipitate 
to the ammonia and nitrate of silver test described in 
§ 163, 8. ^ 

3. Mix the fluid in which chloride of calcium has failed to pro- 186 
duce a precipitate, or that which has been filtered from the preci- 
pitate formed — in which latter case some more chloride of calcium 

is to be added — with alcohol. 

a. No pbecipitate is formed. Absence of citric acid and 187 
malic acid. Pass on to (190)« 

b. A precipitate is formed. Filter and treat the filtrate 188 
as directed in (190)* As regards the precipitate, treat this 

as follows : — 

After washing with some alcohol, dissolve on the filter in a little 

dilute hydrochloric acid, add ammonia to the filtrate to alkaline 

reaction, and boil for some time. 

cu The filtrate remains clear. Absence of citric acid. 
Probable presence of mauc acid. Add alcohol again to the 
fluid, and test the lime precipitate in the manner directed 
§ 166, to make sure whether malic acid is really present 
or not. 

/3. A HEAVY white PRECIPITATE IS FORMED. Presence 189 
of CITRIC ACID. Filter boiling, and test the filtrate for 
malic acid in the same manner as in cc To remove all 
doubt as to whether the precipitate is citrate of lime or not, it 
is advisable to dissolve once more in some hydrochloric acid, to 
supersaturate again with ammonia, and to boil ; if the precipitate 
really consisted of citrate of lime, it will now be thrown 
down again. (Compare § 164, 3.) 

4. Heat the filtrate of (IBS) (or the fluid in which addition of 190 
alcohol has failed to produce a precipitate (187)9 ^ expel the 
alcohol, neutralize eocttcUy with hydrochloric acid, and add sesqui- 
chloride of iron. If this fails to produce a light brown flocculent preci- 
pitate, neither succinic nor benzoic acid is present. If a precipitate of 
the kind is formed, filter, digest, and heat the washed precipitate with 
ammonia in excess ; filter, evaporate the filtrate nearly to dryness, and 
test a portion for succinic acid with chloride of barium and alcohol 
(§ 168) ; the remainder for benzoic acid with hydrochloric acid (§ 169). 
Benzoic acid may generally be readily detected also in the original sub- 
stance, by pouring some dilute hydrochloric acid over a small portion of 
the latter, which will leave the benzoic acid undissolved ; it is then 
filtered and heated on platinum foil (§ 169, 1). 

5. Evaporate a portion of the solution to dryness — ^if acid, after 191 
previous saturation with soda — ^introduce the residue or a portion 

of the original dry substance into a small tube, pour some alcohol 
over it, add about an equal volume of concentrated sulphuric acid, and 
heat to boiling. Evolution of the odor of acetic ether demonstrates the 
presence of acetic acid. This odor is rendered more distinctly 
perceptible by shaking the cooling or cold mixture. 

6. To eflect the detection of formic acid, add to a portion of 192 
the solution a suf^cient quantity of nitrate of silver, then soda 
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until the fluid is exactly neutralized, and boil. If formic acid is present, 
reduction of the silver to the metallic state ensues (§ 172, 4). The reac- 
tion with nitrate of suboxide of mercury may be had recourse to as a 
conclusive test (§ 172, 5)* 

Complex Compotmds, 

A, 2. Substances insoluble in Watek, but soluble in Htdro- 
CHLOBic Acid, Nitbic Acid, or Nitbohtdrochlobic Acid. 

detection of the acids. 
In the Absence of Orgcmic Acids* 

§ 201. 

In the examination of these compounds attention must be directed to 
all acids, with the exception of chloric acid. Cyanogen compounds and 
silicates are not examined by this method. (Compare 6 204 and 
§205.) • ' V i- S 

1. Carbonic acid, sulphur (in form of metallic sulphides), 193 
ARSENious acid, ARSENIC ACID, and CHROMIC ACID, if present^ 
have been found already in the course of the examination for 
bases ; nitric acid, if present, has been detected in the course of the 
preliminary examination, by the ignition of the powdered sub- 
stance iu a glass tube (8)* 

2. Mix a sample of the substance with 4 parts of pure carbonate 194 
of soda and potassa, and, should a metallic sulphide be present, 

add some nitrate of soda ; fuse the mixture in a platinum crucible 
if there are no reducible metallic oxides present, in a porcelain crucible 
if such oxides are present ; boil the fused mass with water, and add a 
little nitric acid, leaving the reaction of the fluid, however, still alkaline ; 
heat again, filter, and proceed with the filtrate according to the directions 
of § 199, to effect the detection of all the acids which were com-, 
bined with the bases.t 

3. As the phosphates of the alkaline earths are only incom- 195 
pletely decomposed by fusion in conjunction with carbonate of 
Boda and pots^Hsa, it is always advisable in cases where alkaline 
earths are present, and phosphoric acid has not yet been detected, to 
dissolve a fresh sample of the body under examination in hydrochloric 
acid or nitric acid, and test the solution for phosphoric acid with solu- 
tion of molybdic acid, after removal of the arsenic acid and silicic acid, 
should these be present (§ 142, 10.) 

4. If in the course of the examination for bases, alkaline earths have 

* In presence of chromic acid the reduction of oxide of silver and of suboxide of mer- 
cnnr is not a positive proof of the presence of formic acid. In cases where the two 
acios are preseut the following method must be resorted to : — Mix the original solution 
with some nitric acid, add oxide of lead in excess, shake the mixture, filter, add to the 
filtrate dilute sulphuric acid in excess, and distil. Test the distillate as directed § 173. 
In presence of tartaric acid also it is the safest way to distil the formic acid first, with 
addition of dilute sulphuric acid. 

+ If the body examined has been found to contain a metallic sulphide, a separate por* 
.tion of it must be examioed for sulphuric acid, by heating it with hydrochloric acid, 
filtering, adding water to the filtrate, and then testing the fluid with chloride of barionu 
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been found, it is also advisable to tesfc a separate portion of tbe body 
under examination for fluobikb^ by tbe metbod described in 
§ 146, 5. 

5, Tbat portion of tbe substance under examination wbicb bas 196 
been treated as directed in (194)* can be tested for silicic acid 

only in cases wbere tbe fusion bas been effected in a platinum 
crucible ; in cases wbere a porcelain crucible bas been used it is neces- 
sary to examine a separate portion of tbe body for silicic acid, by evapo- 
rating tbe bydrocbloric or nitric acid solution (§ 150, 3). 

6. Examine a separate sample of tbe body for oxalic acid as directed 
in (198). 

Complex Comp<yu/nch, 

A, 2. Substances insoluble in Wateb, but soluble in Hydro- 
CHLOBio Acid, Kitric Acid, or Kitro-htdrochloric Acid. 

t^) •^vlO^tl^ K^^^^DBTECTION OP THE ACIDS. ^tK^^^^^^^ 

^ ^^O^ ' IL In Fresence of Organic Acids, 

^^ V ^* § 202. 0\£^^W OcCi vX 

^*XC^» domluct tbe examination for inorganic acids according to tbe 197 
directions of § 201. 

2. Test for acetic acid as directed § 171, 7. 

3. Dissolve a portion of tbe compound under e:!6amination in 198 
tbe least possible amount of bydrocbloric acid, filter if necessary, 

and test tbe undissolved residue wbicb may be left for benzoic 
ACID, by application of beat ; add to tbe filtrate solution of carbonate of 
soda in considerable excess, and, besides tbis, also a little solid carbonate 
of soda, boil tbe mixture for a few minutes, tben filter tbe fi uid from tbe 
precipitate. In tbe filtrate you bave now all tbe organic acids in solu- 
tion, combined witb soda. Acidify tbe filtrate witb bydrocbloric acid, 
beat, and proceed according to tbe direction of (l85)* 

Complex CovnpouTidB. 

B, Substances insoluble or spabinolt soluble both in Water 
AND IN Htdrochloric Acid, Nitrio Acid, or Nitro-htdro* 
CHLORIC Acid. 

detection of the bases, acids, and non-metallic elements. 

§ 203. 

To tbis class belong tbe following bodies and compounds. 199 

Sulphate of babtta, sulphate of strontia, and sulphate 
OF lime.* • 
Sulphate of LEADt and chloride of lead.^ 

* Sulphate of lime passes partially into the solution effected by water, and ofben 
completely into that effected by acids. 

+ Sulphate of lead may pass completely into the solution effected by acids. 

X Chloride of lead can here only be found if the precipitate insoluble in adds has 
not been thoroughly washed with hot water. 
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Chlobide of silteb, bromide of silver, iodide of silver, cyanide of 
tdlver,* ferro- and ferricjanide of silver, t 

Sixjcio ACID and many silicates. 

Native alumina, or alumina which has passed through a process of 
intense ignition, and many aluminates. 

Ignited seequioxide of chromium and chroms-ironstone (a compound 
of sesquioxide of chromium and protoxide of iron). 

Ignited and native binoxide of tin (tin- stone). 

Some metaphosphates and some arsenates. 

Fluoridb of calcium and a few other compounds of fluorine. 

Sulphur. 

Carbonaceous matter. 

Of these compounds those printed in small capitals are more frequently 
met with. As the silicates perform a highly important part in mineral 
analysis, a special chapter (§. 205— § 208) is devoted to them. 

The substance under examination which is insoluble in water and in 
acids is in the flrst place subjected to the preliminary experiments- here 
described in a — e, if the quantity at the disposal of the operator is not 
absolutely too small to admit of this proceeding ; in cases where the 
quantity proves insufficient for the purpose, the operator must omit this 
prdiminary examination, and at once pass on to (205>) bearing in mind, 
however, that the body may contain aU the aforesaid substances 
and compounds. 

a. Examine attentively and carefully the physical state and con- 200 
dition of the residue, to ascertain whether you have to deal with a 
homogeneous mass or with a mass composed of dissimilar particles ; 
whether the body is sandy or pulverulent, whether it has the same color 
throughout, or is made up of variously-colored particles, &c The micro- 
scope, or even a simple magnifying glass, will be found very useful 
at this stage of the examination. 

h. Heat a small sample in a glass tube sealed at one end. If 201 
brown fumes arise, and sulphur sublimes, this is of course a proof 
of the presence of that substance. 

c. If the substance is black, this indicates, in most cases, the 202 
presence of carbonaceous matter. Heat a small sample on plati- 
num-foil over the blowpipe flame ; if the substance which 
blackens the Angers is consumed, this may be held to be a positive 
proof of the presence of carbon in some shape or other. Qraphite, 
which may be readily recognised by its property of communicating its 
blackish-gray color to the Angers, to paper, &c., requires the aid of 
oxygen for its ready combustion. 

dL Heat a small sample, together with a small lump of cyanide 203 
of potassium and some water, for some time, Alter, and test the 
filtrate with sulphide of ammonium. The formation of a brownish- 
black precipitate shows tiiat the residue under examination con- 
tains a compound of silver. 

e. If an undissolved residue has been left in d, wash this tho- 204 

* Bromide, iodide, and oyanide of silrer are decompofled by boiling with nitro-hydro- 
oUoric add, and converted into chloride of silver ; they can accordingly be found here 
only in cafies where the operator has to deal with a substaDce which — as nitrohydro^ 
phloric acid has failed to effect its solution—is examined directly by the method 
ciescribed in Uiis paragraph (§ 203). 

f With regard to the examination of these oompounds, compare also § 204. . 
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roughly with water, and if white, sprinkle a few drops of sulphide * of 
ammonium over it ; if it turns black, salts of lead are present. IfJ 
however, the residue left in c? is black, heat it with some acetate of 
ammonia, adding a few drops of acetic acid, filter, and test the filtrate 
for LEAD, by means of sulphuric acid and hydrosulphuric acid.* 

The results obtained by these preliminary experiments serve to 
guide the operator now in his further course of proceeding. 

1, a. Salts of lead are not present. Pass on to (206)< 205 

h. Salts of lead are present. Heat the substance re- 
peatedly with a concentrated solution of acetate of ammonia 
until the salt of lead is completely dissolved out. Test a portion of 
the filtrate for chlorine, another for sulphuric acid, and the 
remainder for lead, by addition of sulphuric acid in excess, and by 
hydrosulphuric acid. If acetate of ammonia has left a residuey 
wash this, and treat it as directed in (206)* 

2, a. Salts of silver are not present. Pass on to (207)* 206 

6. Salts of silver are present. Digest the substance 
free from lead, or which has been freed from that metal by 
acetate of ammonia, repeatedly with cyanide of potassium and watery 
at a gentle heat (in presence of sulphur, in the cold), until all the 
salt of silver is removed. If an undissolved residue is left, wash 
this, and proceed with it according to the directions of (207)* Of 
the JiUratey which contains cyanide of potassium, mix the larger 
portion with sulphide of ammonium, to precipitate the silver. 
Wash the precipitated sulphide of silver, then dissolve in nitnc 
acid, dilute the solution, and add hydrochloric acid, to ascertain 
whether the precipitate really consisted of sulphide of silver. 
Test another small portion of the filtrate for sulphuric AOiD.f 

3, a. Sulphur is not present. Pass on to (208)* 207 

b. Sulphur is present. Heat the substance free from 
silver and lead in a covered porcelain crucible until all the 
sulphur is expelled, and if a residue is left, treat this accord- 
ing to the directions of (208)* 

4, Mix the substance free from silver, lead, and sulphur with 208 
2 parts of carbonate of soda, 2 parts of carbonate of potassa, and 

1 part of nitrate of potassa,;]: heat the mixture in a platinum 
crucible until the mass is in a state of calm fusion, place the red-hot 
crucible on a thick cold iron plate, and let it cool. By this means you 
will generally succeed in removing the fused mass from the crucible in 
an unbroken lump. Soak the mass now in water, boil, filter, and wash 
the residue until chloride of barium no longer produces a precipi- 
tate in the washings. (Add only the first washings to the filtrate.) 

a. The solution so obtained contains the acids which were 209 

* The presence of lead in silicates, e,g, in glass containing lead, cannot be detected 
by this method. 

+ As the carbonate of potassa contained in the cyanide of potassium may have pn>> 
daced a total or partial decomposition of any sulphates of the alkaline earths which 
happened to be present. 

X Addition of nitrate of potassa is useful even in the case of white powders, as it 
counteracts the injurious action of silicate of lead, should any be present, upon the 
platinum crucible. In the case of black powders the proportion of nitrate of potassa 
must be correspondingly increased, in order that carbon, if present, may be consumed 
as completely as possible, and that any jhrome-ironstone present in the compound may 
be more thoroughly decomposed. 
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present in the substance decomposed hy fluxing. But it may, besides 
these acids, contain also such bases as are soluble in caustic alkalies. 
Proceed as follows : — 

a. Test a small portion of the solution for sulphuric acid. 
^. Test another portion with molybdic acid for phosphoric 
acid and arsenic acid. If a yellow precipitate forms, remove 
the arsenic acid which may be present with hydrosulphuric acid, 
and then test once more for phosphoric acid, after having removed 
also any silicic acid that may be present. 

y. Test another portion for flourine (§ 146, 7). 
i. If the solution is yellow, chromic acid is present, To 
remove all doubt on the pointy acidify a portion of the solu- 
tion with acetic acid, and test with acetate of lead. 

e. Acidify the remainder of the solution with hydrochloric 210 
acid, evaporate to dryness, and treat the residue with hydro- 
chloric acid and water. If a residue is left which refuses 
to dissolve even in boiling water, this consists of silicic acid. 
Test the hydrochloric acid solution now in the usual way for 
those bases which, being soluble in caustic alkalies, may be 
present. 

h, Diaaolve the residue Uft in (208) in hydrochloric acid 211 
(e£fervescence indicates the presence of alkaline earths), and 
test the solution for the bases as directed in § 190. (If much 
silicic acid has been found in e (210)) i^ ^ advisable to evaporate the 
solution of the residue to dryness, and to treat the residuary mass 
with hydrochloric acid and water, in order that the silicic acid 
remaining may also be removed as completely as possible.) 

5. If you have found in 4 that the residue insoluble in acids 212 
contains a silicate, treat a separate portion of it according to the 
directions of (228)^ to ascertain whether this silicate contains 
alkalies. 

6. If a residue is still left undissolved upon treating the 213 
residue left in (208) with hydrochloric acid (211)) this may con- 
sist either of silicic acid, which has separated, or of an undecom- 
posed portion of sulphate of baryta ; it may, however, also be fluoride of 
calcium, and if it is dark-colored, chrome-ironstone, as the last-named 
two compounds are only with difficulty decomposed by the method given 
in (208)- I would therefore remind the student that fluoride of calcium 
may be readily decomposed by means of sulphuric acid ; and, as regards 
the decomposition of chrome-ironstone, I can recommend the following 
method, first proposed by Hart : Project the fine powder in to 8 times the 
quantity of fused borax, stir the mixture frequently, and keep the crucible 
for half-an-hour at a bright red heat Add now to the fusing mass 
carbonate of soda so long as eflervescence continues, and finally add 3 
times the weight of the chrome-ironstone of a mixture of equal parts of 
carbonate of soda and nitrate of potassa, whilst actively stirring the 
mixture with a platinum wire. Let the mass cool, and, when cold, 

boil it with water. 

7. If the residue insoluble in acids contained silver, you have 214 
still to ascertain whether that metal was present in the original 
sabstance as chloride, bromide, iodide, <&c., of silver, or whether 

it has been converted into the form of chloride of silver by the treatment 
employed to efifect the solution of the original substance. For that 
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purpose treat a portion of the original substance with boiling 
water until the soluble part is completely removed ; then treat the 
residuary portion in the same way with dilute nitric acid, wash the un- 
dissolved residue with water, and test a small sample of it for silver ac- 
cording to the directions of (!M3)* If silver is present, proceed to ascer- 
tain the salt-radical with which the metal is combined ; this may easily 
be effected by boiling the remainder of the residue in the first place with 
rather dilute solution of soda, filtering, and testing the filtrate, after 
acidifying it^ for ferro- and ferricyanogen. Digest the washed residue 
now with finely granulated zinc and water, with addition of some sul- 
phuric acid, and filter after the lapse of ten minutes. You may now at 
once test the filtrate for chlorine, bromine, iodine, and cyanogen ; or you 
may first throw down the zinc with carbonate of soda, in order to obtain 
the salt-radicals in combination with sodium. 



SECTION IL 

PEACTICAL COURSE 

IN PARTIOULAB CASES. 



L Special Method op effecting the Analysis of Cyanides, 
Ferbocyanides, etc., insoluble in Wateb, and also of inso- 
luble mixed Substances containing such Compounds.* 

§ 204. 

The analysis of ferrocyanides, ferricyanides, &a, by the common 216 
method is often attended by the manifestation of such anomalous 
reactions as easily to mislead the analyst. Moreover, acids often 
fail to effect the complete solution of these compounds. For these reasons 
it is advisable to analyze them, and mixtures containing them, by the 
following special method : — 

Treat the substance with water until the soluble parts are entirely 
removed, and boil the residue with strong solution of potassa or soda ; 
after a few minutes' ebullition add some carbonate of soda, and boil 
again for some time ; filter, should a residue remain, and wash 
the latter. 

1. The reddue, if any has been left, is now free from cya- 216 
nogen, unless the substance under examination contains cya- 
nide of silver, in which case the residue would of course still 
contain cyanogen. Examine the residue now by the common 
method, beginning at (35)* 
^ 2, The solution or filtrate, which, if combinations of com- 217 

pound cyanogen radicals (Ferrocyanogen, Cobalticyanogen, 
&c.), were originally present, contains these combined with 
alkali metals, may also contain other acids, which have been 
separated from their bases by the process of boiling with car- 

* Before entering upon this course of analysis, consult the special remarks to tiie 
paragraph (§ 204) in the Third Section. 
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bonate of soda, and lastlj also^ such oxides as are soluble in caustic 
alkalies. 

Treat the solution as follows : — 

a. Mix the alkaline fluid with a sufficient quantity of hj- 218 
drosulphurio acid, to test for metals of the fourth and fifth 
groups.* 

cu No permanent precipitate is formed. Absence of zinc and 
lead. Pass on to (219). 

p, A permanent precipitate is formed. Add to the fluid a 
little yellow sulphide of sodium, drop by drop, until the metals 
of the fourth and fifth groups present in the alkaline solution 
are just thrown down, heat moderately, filter, wash the precipi* 
tate, and treat the filtrate as directed in (219)* Dissolve the 
washed precipitate in nitric acid, which may leave sulphide of 
mercury behind, and examine the solution for copper and lead, as 
well as for zinc and other metals of the fourth group, which may, 
in the same way as copper, have passed into the alkaline 
solution, by the agency of organic matters. 

b. To test the alkaline fluid, which now also contains some 219 
sulphide of an alkali metal, for mercury, which may be pre- 
sent, as its sulphide is soluble in sulphide of potassium, and 

for the metals of the sixth group, mix with a sufficient quantity of 
water, then with dilute nitric acid to acid reaction, and if the fluid 
does not smell strongly of hydrosulphuric acid, add some more of 
the latter reagent 

cu No precipitate is formed. Absence of mercury and of the 
oxides of the sixth group. Pass on to (220)* 

/3. A precipitate is forr^d. Filter, wash the precipitate, then 
examine it for mercury and the metals of the sixth group 
according to the directions of § 191. 

c. The fluid, acidified with nitric acid, and therefore abun- 220 
dantly supplied with nitrates of alkalies, may still contain 
those metids which in combination with cyanogen form com- 
pound radicals (iron, cobalt, manganese, chromium), and, besides 
these, also alumina. You have to test it also for cyanogen, respec- 
tively ferrocyanogen, cobalticyanogen, <kc., and for other acids. 
Divide it, therefore, into two portions, a and /3. Examine a for 
the acids according to the directions of § 199, or, as the case may 
be, § 200. (Cobalticyanogen may be recognised as such by its 
giving with salts of nickel greenish, with salts of manganese and 
zinc white precipitates, in which the presence of cobalt is revealed 
by fusing with borax.) 

Evaporate /3 to dryness, and heat the residue to fusion. Pour 
the fused mass upon a piece of porcelain, boil with water, filter, and 
examine the residue for iron, manganese, cobalt, and alumina. 
Test a portion of the filtrate (if yellow) for chromic acip, the 
remainder for alumina (which may have passed partially or com- 

* The analyst moBt, of coarae, avoid adding solution of hydrosulphurio aoid, or con- 
ducting hydrosulpburic acid gas into the fluid, until the mixture smells of the reagent 
(i^ccordingly, until all the alkali present has been converted into hydrosulphate of 
sulphide of alkali metal), since this might lead to the precipitation also of the alumina 
which may be present in the alkaline solution, and even of sulphides of metals of the 
nxth group— a precipitation which is not intended here. 

I. B 
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pletely into th« solution, through the agency of the ^austie alkalies 
formed in the process of fusion from the nitrates of the alkalies 
present) 

II. Analysis of Silicates. 

? -205. . 

Whether the body to be mmljzed is a silicate or contains one, is 221 
ascertained by the preliniinary examination with phosphate of 
soda and ammonia before the blowpipe ; since in the process of 
fusion the metallic oxides dissolve, whilst the separated silicic add floats 
about in the liquid bead as a transparent swollen mass (§ 150, 8). 

The analysis of the silicates differs, strictly speaking, from the common 
course only in so far as the preliminary treatment is concerned, which is 
required to effect the separation of the silicic acid &om the bases^ and 
to obtain the latter in solution. 

The silicates and double silicates are divided into two distinct classes, 
which require respectively a different method of analysis; viz., (1) sili- 
cates readily decomposable by acids (hydrochloric acid, nitiic acicC sul- 
phuric acid), and (2) silicates which are not, or only with difficulty, 
decomposed l^ acids. Many minerals consist of mixtures of the two 
classes of silicates. 

To ascertain to which of these two classes a silicate belongs, reduce it 
to a very fine powder, and digest a portion with hydrochloric acid at a 
temperature near the boiling-point If this fails to decompose it, try 
another portion by long-continued heating With a mixture of three parts of 
concentrated sulphuric acid and 1 part of water. If this also fails, after 
some time, to produce the desired effect, the silicate belongs to the 
second class. Whether decomposition has been effected by the acid or 
not, may generally be learned from external indications, as a colored 
solution forms almost invariably, and the separated gelatinous, flocculent, 
or finely-pulverulent hydrate of silicic acid takes the place of the original 
heavy powder which grated under the glass rod with which it was 
stirred. But whether the decomposition is complete, or extends only to 
one of the components of this mineral, may be ascertained by boiling 
the separated hydrate of silicic acid in a solution of carbonate of soda. 
If perfect solution ensues, complete decomposition has been effected ; 
if not, the decomposition is only partial. The result of these prelimi- 
nary tests will show whether the Silicate should be examined according 
to § 206, or to § 207, or to § 208. 

Before proceeding further, examine a portion of the pulverized compound 
also for water, by heating it in a perfectly dry glass tube. If the sub- 
stance contains hygroscopic moisture, it must first be dried by protracted 
exposure to a temperature of 212° F. Apply a gentle heat at first, but 
ultimately an intense heat, by means of the blowpipe ; you may al^o 
conveniently combine with this a preliminary examination for fluorine 
(§146,8). . 

A. Silicates decokposable by Acids. 

§ 206. 

a, Sittcatea decomposable by hgd/roMorve acic? or hy "nitric add,* 

1. Digest the finely pulverized silicate with hydrochloric acid at 

* Nitric acid is preferable to hydrochloric acid in cases where eompounds of silver 
or lead are present. 
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a temperature near the boiling-point, and] compkte cleoompo- 222 
idtion is effected, filter off a small portion of the fluid, evapoiate 
the remainder, together with the sHicic acid suspended therein, to 
dryuess, and expose the residue to a temperature somewhat exceeding 
.212^ F., with constant stiiring, until no more, or very few, hydrochlorio 
acid fumes escape ; allow it to oool, moisten the residue with hydro- 
chloric acid or, as the case may be, with nitric acid, afb^'wards add a 
Kttle water, and heat genldy for some time; 

This operation effects the separation of the silicic acid, and the solu- 
tion of the bases in the form of chlorides, or, as the case may be, 
nitrates. Filter, wash the residue thoroughly, and examine the solution 
by the common method, beginning at § 189, IL or III.* To be quite* 
safe, the residuary silicic acid may be digested with ammonia, filtered, 
and the filtrate tested for silver, by supersaturation with nitric 
acid. 

2. As in silicates, and more particularly in those decomposed 223 
by hydrochloric acid, there are ofteu found other acids, as well as 
metalloids, the following observations and instructions must be 
attended to, that none of these substances may be ovedooked : — 

a. SuLPHiDJBS of MBTALB and CARBONATES are detected in the 
process of treating with hydrochloric acid. 

^. If the separated silicic acid is black, and turns subsequently 
white upon ignition in the air, this indicates the presence of 
CARBON or of OKOANic SUBSTANCES. In presence of the latter, the 
silicates emit an empyreumatio odor upon being heated in a glass 
tube. 

y. Test the portion of the hydrochloric acid solution filtered off 
before evaporating for sulfhuric acid, phosphoric Aoan, and 
ARSENIC Acm — ^for sulphuric acid with chloride of barium, after 
diluting with water; for arsenic acid by heating the solution to 
15S^ Fah., conducting sulphuretted hydrogen into it, and examining 
the precipitate formed ; for phosphoric acid with solution of molyb- - 
date of ammonia in nitric acid. Where arsenic is found, the fluid 
filtered off the sulphide of arsenic is tested for the phosphoric 
acid, after the removal of the hydrosulphurio acid. 
• S. BoRACic acid is best detected by fusing a portion of the 224 
substance in a platinum spoon with ceurbonate of soda and 

* Ifinute traces of titanic amd are oocasionally met with in rilicates. If tiie sepa- 
ration of the silicic acid has been effected on the waters hath, the trreater f>art of the 
titanic acid passes into the hydrochlorio acid solution, ivhilst a small portion separates 
ak>ng with the silicic acid. The titanic acid is found in the following way : a. Heat 
the silicio acid repeatedly in a platinum dish with hydrofluoric acid and BUlphuric acid 
until the silica is completely removed as fluoride of silicon, then evaporate to dryness. 
h. Px«cipitate the solution with ammonia, filter, wash the precipitate (which contains 
alaminfti sesqnioxide of iron, &c., and t^e rest of the titanic acid), add to it the 
reeidue left in a, and ftise the whole with a quantity of acid sulphate of potassa suffi- 
cient to effect solution ; continue heating until the greater part of the excess of 
sulphuric add is reroo?ed. Let the fused mass cool, dissolve in cold water (which, if 
the operation has been successful, and no more silicic acid remains, will effect complete 
solution to a clear fluid) ; filter if neoessary, dilute freely, transmit sulphuratted 
hydiY>gen gas through the fluid until the whole of the sesqnioxide of iron present is 
redaoed to protoxide, and keep the fluid boiling half an hour, with constant tntns- 
OkiSBton of carbonic acid through it (without previously filtering off the sulphur). The 
titanio acid will gradually separate, the bases remaining in solution (Th. Scheisib). 
Filter, wash, ignite, and examine the residue finally as directed in § 104, 10. 

b2 
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potassa, boiling the fused mass with water, and examining the soIut 
tion for boracio acid bj the method given in § 144, 6. 

e. With many silicates, boiling with water is sufficient to dissolve 
the metallic chlobides present, which may then be readily detected 
in the filtrate by means of solution of nitrate of silver ; the safest 
way, however, is to dissolve the mineral in dilute nitric acid, and 
test the solution with nitrate of silver. 

(. Metallic FLUOBiDES^^which often occur in silicates in greater 
or smaller proportion, are detected by the method described 
§ 146, 6. 
5. SUicatea which resist the action of hydrochloric add, but are 
decomposed by concentrated svlphuric add. 

Heat the finely pulverized mineral with a mixture of 3 parts of 225 
concentrated pure sulphuric acid and 1 part of water (best in a plati- 
num dish), finally drive off the greater portion of the sulphuric acid, 
boil the residue with hydrochloric acid, dilute, filter, and treat the filtrate 
as directed § 190 ; and the residue, which, besides the separated silidc 
acid, may contain also sulphates of the alkaline earths, <kc., according to 
the directions of § 203. If you wish to examine -silicates of this class 
for acids and salt radicals, treat a separate portion of the subst^ce 
according to the directions of § 207. . * • * 

B. Silicates TmicH are not decomposed by Acids.* 

§207. 

As the silicates of this class are most conveniently decomposed 226 
by fusion with carbonate of soda and potassa, the portion so treated 
CMinot, of course, be examined for alkalies. The analytical process 
is therefore properly divided into two principal parts, viz., a portion of 
the mineral is examined for the silicic acid and the bases^ with the ex- 
ception of the alkalies, whilst another portion is specially examined for 
the latter. — Besides these, there are some other experiments required, to 
obtain information as to the presence or absence of other acids. 

1. Detection of the silicic acid and the bases, with the caseation of 
the alkoMes* , 

Beduce the mineral to a very fine powder, mix this with 4 ' 227 
parts of carbonate of soda and potassa, and heat the mixture in a 
platinum crucible over a gas or Berzelius spirit-lamp until the mass 
is in a state of calm fusion. Place the red-hot crucible on a thick cold 
iron plate, and let it cool there ; this will generally enable you to remove 
the fased cake from the crucible, in which case break the mass to pieces, 
and keep a portion for subsequent examination for acids. Put the 
remainder, or, if the mass still adheres to the crucible, the latter, with 
its contents, into a porcelain dish, pour water over it, add hydrochloric 
acid, and heat gently until the mass is dissolved, with the exception of 
the silicic acid, which separates in flakes. Bemove the crucible from 

* It will be nndentood, from what has been stated § 205, that these are not 
decomposed by heating with hydrochloric acid and sulphuric acid in open vessels ; 
but by beating them, reduced to a fine powder, in a sealed glass tube, with a mixture 
of 3 parts of concentrated sulphuric acid and 1 part of water, or with hydrochloric 
acid, to 892" or 410** Fah., most of them are decomposed, and may accordingly be 
analyzed also in this manner (Al. Miisohbblich). 
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the dish if necessary, evaporate the contents of the latter to dryness, 
and treat the residue as directed (222)* 

2. Detection of the alkalies. 

To effect this, the silicates under examination must be decom- 228 
posed by means of a substance free from alkalies. Hydrofluoric 
acid or a metallic fluoride answers this purpose best j but fusion 
with hydrate of baryta will also accomplish the end in view. * 

a. Decomposition bt means of a metaluo fluortoe. — Mix: 
1 part of the very finely pulverized n&ineral with 5 parts of fluoride 
of barium, or pure, finely pulverized fluoride of calcium, stir the 
mixture in a platinum crucible with concentrated sulphuric acid to 
a thickish paste, and heat gently for some time in a place affording 
a free escape to the vapors ; finally heat a little more strongly, 
until the excess of sulphuric acid is completely expelled. Boil the 
residue now with water, add chloride of barium cautiously as long 
as a precipitate continues to form, then baryta-water to alkaline 
reaction, boil, filter, mix with carbonate of ammonia and some 
ammonia as long as a precipitate forms, and proceed exactly 
as directed (168)* 

6. DECOMPOSrTION BY MEANS OF HYDRATE OF DABYTA. — ^Mix 229 

. ^1 part of the very finely pulverized substance with 4 parts of 
hydrate of baryta, expose the mixture for half an hour in a 
platinum crucible to the strongest possible heat of a good B&rzelius 
or gas-lamp, and treat the fiised or agglutinated mass with hydro- 
^loric acid and water until it is dissolved ; precipitate the solution 
with ammonia and carbonate of ammonia, filter, evaporate to dry- 
ness, ignite, dissolve the residue in water, precipitate again with 
ammonia and carbonate of ammonia, filter, evaporate, ignite, and 
test the residue for potassa and soda as directed § 197. If the 
residue still contains magnesia, this may be readily removed, by 
adding to the aqueous solution of the residue a little pure oxalic 
acid, evaporating to dryness, igniting the dry mass, then treating it 
with water, which will leave the magnesia undissolved. Filter, 
acidify the filtrate with hydrochloric acid, evaporate to dryness^ and 
examine the residue for potassa and soda. 

3. ExamiruUion for flu>orine, chlorine, borade acid, phoephorie 
acidf (M'senic acid, and auLphwric acid. 

(Jse for this purpose the portion of the fused mass reserved in 230 
(227)> 01*9 ^ necessary, fuse a separate portion of the finely pulve- 
rized substance with 4 parts of pure carbonate of soda and potassa 
until the mass flows cfdmly ; boil the fused mass with water, filter the 
solution, which contains all the fluorine as fluoride of sodium, all the 
chlorine as chloride of sodium, all the boracic acid as borate, all the 
sulphuric add as sulphate, all the arsenic acid as arsenate, and at least 
part of the phosphoric acid as phosphate of soda, and treat the filtrate as 
follows : — 

a. Acidify a small portion of it with nitric acid, and test for 
CHLORiNB with nitrate of silver. 

h Test another portion for boracic acid as directed § 144, 6. 
c To eflect the detection of the fluorine, treat a third portion 
of the filtrate as directed § 146, 7. 

d. Acidify the remainder with hydrochloric acid and test a small 
. portion with chloride of barium for suLPaURlO acid; heat the 
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remainder to 158^ FaL, and test with hydioealpliaric acid for 
ABS£Nic ACID. If no precipitate forms^ evaporate the fluid, if a 
precipitate forms, the filtrate, to dryneaa^ test tke residue with hydro- 
chloric acid and water, and examine the aolutiou ibr phqspbobio acid 
with sulphate of magnesia, or with solution of moljhdato of ammonia 
in nitric aoid (§ 142). 

C. SXUOAXES WHICH AKB PARTIAIiLY DECOMPOSKD B7 ACIDS. 

§ 208. 

' Most of the native rocks and minerals are mixtures of several 231 
silicates, of which some are often decomposable by acids, others 
not. If such mineials were analyzed by the same method as the 
absolutely insoluble silicates, the analyst would indeed detect all the 
elements present, but the analysis would afford no satisfactory insight 
into the actual oomposition of the mineral 

It is therefore advisable to examine separately those parts of the 
mineral which show a different deportment with acida For this 
purpose digest the very finely pulverized mineral for some time with 
hydrochloric aoid at a gentle heat, filter off a small portion of the 
solution, evaporate the remainder to dryness, and expose to a temperature 
somewhat exceeding 212* FaL, with stirring, until no more, or very little 
hydrochloric acid vi^r is evolved ; let the residue co<^, moisten it when 
oold with hydrochloric acid, heat gently with water, and filter. 

The filtrate contains the bases of that part of the mixed mineral which 
has been decomposed by the hydrochloric acid ; examine this as directed 
(222)- £xamine the portion first filtered off as directed in (223) y)* 
Test portions of the original substance for other acids as directed 
(224)* Boil the reeidue«-*which, besides the silicic acid separated from 
the decomposed portion of the silicate, contains that part of the mixed 
mineral which has resisted the action of the hydrochloric aeid — with 
an excess of solution of carbonate of soda, filter hot, and wash, first 
with hot solution of carbonate of soda, finally with boiling water. Treat 
the residuary undecomposed part of the mineral, thus freed from the 
admixed separated silicic acid, according to the instructions given in 
$ 207. In cases where it is of no consequence or interest to effect 
the separation of the silicic acid of the part decomposed by acids, you 
may omit the troublesome operation with carbonate of soda, and may 
proceed at once to the decomposition of the residue^ 

III. Analysis of Natural Waters. 

§209. 

In the examination of natural waters the analytical prooess is 232 
simplified by the circumstance that we know from experience the 
elements and compounds which are usually found in tiienu Now, 
although a quantitative analysis alone can properly inform us of the true 
nature and character of a water, since the differences between the 
various waters are principally caused by the different proportions in 
which the several constituents are respectively present, a qualitative 
analysis may yet render very good service, especially if the analyst notes 
with proper care whether a reagent produces a &int or a distinctly 
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laaiiced tnTbidiiy^ a slight or a copious pvecipitate>;:.siii<3e these oircum* 
BtaikoeB will enable hikn to make ao approximate estimation of the relative 
proportions i2i> which the several oonidiituento are* pvesent. 

I separate here the analysis of ik» common fvesh waters (spring-water, 
well-water, brook- water, river-water, ice J) from that* of the* miiieral waters, 
in whicb latter we may also include sea-water ; for, although no well- 
defined limit can be diawu between the two classes^ stdll the analytical 
examination of the former is neoessarily far more- simple than that of the 
lattevj as the number of substances to be lodced for is much more limited 
tbaa in tile case of mineral waterm 

A, AjTALTsia or Fbesh Waiteibs (Spkino-wjitkb^ Well-water, 

BBOOK-WATER, ElVEB-WATKB, <feo:). 

i 210.. 

We know from experience that the substances to be had regard 233 
to in the analysis of such waters are the following :-*^ 

a. Bases : Potassa, soda, ammonia, lime^ magnesia, protoxide of 
iBon« 

hi Acnxi, &e, : Sulphuric aoidj, phosphoric acid^ nMcie acid> carbonic 
acid, nitric acid, nitrous aeid, chlonne. 
c. Organic matters. 

if. Kechanicallt suspended siitbstancbs : Clay, <fec; 
The foesh waters contain indeed also other constituents besides those 
enumerated here, as may be inferred from the origin and* formation of 
Sfnings, &c., and as has, moreover, been fully established by the results 
of analytical investigations ;* but the quantity of such constituents is so 
trifing that they escape detection, unless hundredsof pounds of the water 
Bise subjected ta the analytical process. I therefore omit here the 
mode of their detection, and refer to § 211. 

. 1. Bail the carefully collected water (1000 to 2OO0'grm&)«i3i a| 234 
glass flask or retort to one half. This generally produces a preoipi-' 
tate. Pass the fluid through a perfectly clean Alter (free from iron 
a«d lime), wash the precipitate well, after having- removed the filtrate, 
then examine both as follows *: 
Ob JExammation of the precipitcUe, 

The precipitate contains those constituents ot the* water 235 
which were only kept m solution through the agency of free 
oarbooic acid, or, as the case may be, in the form of bicar- 
Vmatea, via., carbonate of lime, carbonate, of magnesia, hydrated 
sesquioxide of iron (which, was in solution aS' Incarbonate of prot- 
wcide of iron, and precipitates upon boili&g as sesquioxide — if phos- 
phovic acid iis present, also in combination with that acid), phosphate 
of lime — also silicic acid, and sometimes sulphate of lime, if that 
substance is present in large proportion ; and day which was 
mechanically suspended in the water. 

* Chati/i^ (" Joum. de Pharm. et de Chim.,'* 8 S4r. t. xxvii. p. 418) found iodine in 
all Dresh- water plants, but not in land plants, a proof that the water of rivers, brooks, 
ponds, fto., contains traoes,, even thoue^h extremely minute, of metallic iodides. 
According to Marckand {** Comp. Bend., t. xxxi. p» 495), all natural waters contain 
iodine, bromine, and lithia. Van Ankum has demonstrated^ the presence of iodine in 
almost all the potable watem- of Hollands And. it may be affirmed with the same cer- 
taioty that aU, or at all evento most^ natural- watora> contain compounds of strontii^ 
bttiyta, flooxine, &c^ . . 
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Dinsolve the precipitate on the filter in the least possible quantity 
of dilute hydrochloric acid (effervescence indicates the presence 
of CABBOKto acid), and mix separate portions of the solution :-^ ' 

a. With sulphocyanide of potassium : red coloration in- 
dicates the presence of irok ; 

/3. After previous boiling, with ammonia ; filter if neces- 236 
sary, mix the filtrate with oxalate of ammonia, and let the 
mixture stand for some time in a warm place. The forma- 
tion of a white precipitate indicates the presence of lime — ^in the 
form of carbonate, or also in that of sulphate if sulphuric acid is 
detected in y. Filter, mix the filtrate again with ammonia, add 
some phosphate of soda, stir with a glass rod, and let the mixture 
stand for twelve hours. The formation of a white crystalline 
precipitate, which is often visible only on the sides of the vessel 
when the fluid is poured out, indicates the presence of magnesia 
(carbonate of) ; 

y. With chloride of barium, and let the mixture stand for 
twelve hours in a warm place. The formation of a precipitate*— 
which, if very inconsiderable, is seen best if the supernataiit clear 
fluid is cautiously decanted, and the small quantity remaining 
shaken about in the glass — vindicates the presence of sul- 
phuric ACID. 

& Evaporate another portion of the solution to dryness, 237 
treat the residue with hydrochloric acid and water, filter, 
and test the filtrate for phosphoric acid with solution of 
molybdate of ammonia in nitric acid (§ 142, 10), or with acetate 
of soda and sesquichloride of iron (§ 142, 9). 
b, ExcrniiruUion ofthefUrate, 

a. Mix a portion of the filtrate with a little hydrochloric 238 
acid and chloride of barium. The formation of a white 
precipitate, which makes its appearance at once, or perhaps 
only after standing some time, indicates sulphuric acid. 

j3. Mix another portion with nitric acid, and add nitrate of 
silver. A white precipitate or a white turbidity indicates the 
presence of chlorine. 

y. Test a portion of the filtrate for phosphoric acid, by acidi- 
fying with hydrochloric acid, and proceeding as in (237)* 

I. Evaporate another, larger portion of the filtrate until highl^j^ 
concentrated, and test the reaction of the fluid. If it is alkaHne, 
and a drop of the concentrated clear solution effervesces when 
mixed on a watch-glass with a dropi of acid, a carbonate of an 
alkali is present. Should this be the case, evaporate the fluid to 
perfect dryness, boU the residue with spirit of wine, filter, evapo- 
rate the alcoholic solution to dryness, dissolve the residue in a 
little water, and test the solution for nitric acid as directed 
§ 159, 7, 8 or 9.* 

€. Mix the remainder of the filtrate with some chloride of am- 
monium, ammonia, and oxalate of ammonia, and let the mixture 
stand some time. The forflaation of a precipitate mdicates the 
presence of liub. Filter, and test, — 

* The nitric aoid may often be found without trouble, by evaporating the water to 
a^pmall residue, and testing this at once for it ; in which case the above course of pro- 
ceediing, which, though very accurate, ia somewhat roundabout, may be dispensed with* 
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aa. A, small portion with ammonia and phosphate of soda 

for MAGNESIA. 

bb. Evaporate the remainder to dryness, heat the residue to 
redness^ remove the magnesia which may be present (168)9 
and test for potassa and soda, according to the direc- 
tions of § 197. 

2. Acidify a tolerably large portion of the filtered water with 239 
pnre hydrochloric acid, and evaporate nearly to dryness ; divide 

the residue into' 2 parts, and, — 

a. Test the one part with hydrate of lime for ammonia (§91, 3). 

b. Evaporate the other part to dryness, moisten the residue with 
hydrochloric acid, add water, warm, and filter if a residue remains. 
The residue may consist of siucic acid and, if the water has not 
been filtered quite clear, also of clay mechanically suspended in the 
water ; these two substances may be separated by boiling with solu* 
tion of carbonate of soda. The precipitate is often dark-coloredf 
from the presence of organic substances ; but it becomes per- 
fectly white upon ignition. ^ 

3. Mix another portion of the water, fresh taken from the well, 240 
&c, with lime-water. If a precipitate is thereby produced, free 
CARBONIC acid or BiCARBONATES are present. If the former is pre- 
sent (free carbonic acid), no permanent precipitate is obtained when a 
larger portion of the water is mixed \^ith only a small amount of 
lime-water, since in that case soluble bicarbonate of lime is formed. 

4. Test for nitrous acid,* by mixing a portion of the water 241 
with some iodide of potassium starch- paste (made of 1 part of the 
purest iodide of potassium, 20 parts of starch, and 500 parts of 
water) and pure dilute sulphuric acid, and observe whether a blue colo* 
ration makes its appearance, either at once or, at least, after tl^few ^ 
minutes (§ 168, 1). ' 

5. To detect the presence of organic matters, evaporate a por- 242* 
tion of the water to diyness, and gently ignite the residue : black- 
ening of the mass denotes the presence of organic substances. If 

this experiment is to give conclusive results, the evaporation of the water, 
as well as the ignition of the residue, must be conducted in a glass flask 
or a retort 

6. Offensive substances, decaying organic matters, are detected best by 
filling a bottle two- thirds with the water, covering it with the hand, 
shaking, and smelling. — If the smell is of sulphuretted hydrogen, proceed 
as directed § 212, 3. Whether there are other smelling organic matters 
present besides, may be ascertained42j[adding a little sulphate of 
cop(>er to the water, before trying it byl^ sense of smelL 

7. If you wish to examine the matters me^hanicallt suspendbd 243 
in a water (in muddy brook or river-water, for instance), fill a large 
glass bottle with the water^ cork securely, and let it stand at rest 

for several days, until the suspended matter has subsided ; remove now 
the clear supernatant fluid with the aid of a syphon, filter the remainder, 
and examine the sediment remaining on the filter. As this sediment 
may consist of the finest dust of various minerals, treat it first with 
dilute hydrochloric acid, then examine the part insoluble in that men* 
Btruum in the manner directed § 205 (Analysis of Silicates). 

* SoBdNB£iN found this acid in rain* and snow-water. 
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8« As oxide of lead may be present, arising from leaden pipes, treat a 
larger quantity of the water with sulphuretted hydrogen, let stand for 
some time, and, sthould a black precipitate form, examine this as directed 
in § 193. To detect very minute traces of lead, acidly 6 or £^ quarts of 
the water with acetic acid j add a little acetate of ammonia^ to prevent 
the lead precipitating as sulphate ; evaporate to 9k small vuidmb, filter, 
•nd coodnGt hydrosujphurie acid iato the filtrate* 

K AXA&mS OF MlKEBAL Waxsbs^ 

The anafysis of mineral waters embraces a larger nuniber ot, con- 244 
stituents than that of fi*esh water. The following are the principal 
of the additional elements to be looked for : — 

Oxide op C^sitjm, Oxide op Eubidiuh, Lithta, baryta, strontia, 

ALUMINA, protoxide OF MANGANESE, BORACIO ACID, BROMINE, lODINB, 
FLUORINE, BYDROSULPHURIC ACID, {hypoSulphurOUS acidj*, CRENIC ACID 

and APOCBENic acid, [formic acid, propionic acid, <bc., nitrogen gas, 
oxygen gas, light carburetted hjdrogen gas*]. 

The anaTjst has moreover to examine the muddy ochreous or hard 
sinter-deposits of the spring, or also the residue left upon the evapora- 
tion of very large quantities of water, for arsenious acid, arsenic acid, 

TEROXIDE OF ANTIMONY, OXIDE OF COPPER, OXIDE OF LEAD, PROTOXIDE OF 

COBALT, PROTOXIDE OF NICKEL, and the oxides of other heavy metals. 
The greatent care is required in this examination, to ascertain whether 
these oxides come really from the water, and do not perhaps proceed, 
from metal pipes, stopcocks, &c.f The absolute purity of the reftgeuts 
employed in these delicate investigations must also be ascertained with 
the greatest care. 

I. Examination of the Water. 
a. OnsBATioNS at the Sprinq. 
§ 212. ' 

1. Filter the watw at the spring, if not perfectly dear, through. 245 
Swedish filter^paper, an^ collect the filtrate in large bottles with 
glass stoppers. The sediment remaining on the filter, which pos- 
sibly contains, besides the flooculent matter suspended in the water, also 
those constituents which separate at once upon coming in contact with 
the air (hydrate of sesquiexide of iron, and compounds of sesq^uioxide of 
iron with phosphoric acid, silicic aeid, arsenic acid), is taken to the labo- 
ratoiy, to be examined! afterwards according to the diiecfciaQs 
of §214. 

2: The pi-esenoe of fbbb eARBOiao acid is usucJty sufficiently 246 
visible to the eye. However, to convince yourself by positive re- 
actions,^ test the water with firesh-prepared sokition of Mtmus, and 

* RespectiDg the coDstitueats in brackets, I refer to the corresponding chapter in 
my ** Qnantitative Analysis"^ (§ 209, &c.), as the detection of these matters generally 
ocMnprises also th^ quantitalilye estimation. 

f Compare '* Chtomische Untersuehung der wichtigaten Mineralwaaser des Herzog* 
timms Nassau," von Professor Dr. Freseniua; I. Ber Kochbrunnen zu Wiesbaden ; 
n. I)ie Mineralquellen zu Ems ; III. die Quellen '2u Schlangenbad ; IV. die Quellen 
zu Langenschwalbach ; Y. die Schwefelquelle zu Weilbach ; YI. die Mineralquelle 
zu Geilnau ; VII. die neue Natronquelie zu Weilbach ; published at Wiesbaden, by 
Kriedelund Niedoer. 18^^1Sj6Q.. 
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with lime-water» If carbonio acid is present^ the former acquires a wine- 
red color ; the latter produccB turbidity, which must disappear 
again upon additiou of the miojeral water iu excess. 

3« Free BTnaoauLPHuaic agih is moat readily detected by the 247 
smell. For this purpose half fill a bottle with the mineral watu;, 
cover with the band, shake, take off the hand, and smell the 
bottle. In this way distinct traces of hydrosulphuria mtd ave oftea 
found which would escape detection by reagents. However, if you wish 
to have some visible reactions, fill, a hurge white bottle with the water,. 
add a few drops of solution, of acetate of lead in solution of sod% place 
the battle on a white surface, and look in at the top, to see whether the 
water acquires a brownish color or deposits a blackish precipitate ; — or 
half fill a large bottle with the water, and close with a cork to which is 
aAtaehed a small slip of paper, previously steeped in solution of acetate 
(yf lead and then moistened with a little solution of carbonate of am- 
monia ; shake the bottle gently from time to time, and observe whether 
the paper slip acquires a brownish tint in the course oi a few hours. K the 
addition of the solution of acetate of lead to the water has imparted a brown 
color to the fluid, or produced a precipitate in it, whilst the reaction with 
the paper slip gives no result, this indicates that the water contains 
an alkaline sulphide, but do free hydrosulphuric acid. 

4. Mix a wineglass-full of the water with some tannic acid, 248 
another wineglass-full with some gallic acid. If the former imparts 
a red-violet, the latter a blue-violet color to the water, pbovqxu>s ov 
IBON is present. Instead of the two acids, you may employ infusion, of 
galls, which contains them both. The colorations make their appearance 
only after some time, and increase in intensity from the top^^where the 
air acts on the fluid-«-towards the bottom part of th^ vesseU 

(. OpSEATIOIYS in THS LASOaATOBT. 

§213. 

As it IS always desirable to obtain even in the qualitative examination 
some information as to the quantitative composition of a mineral 
water, i. 6. as to the proportions in which the several constituents are 
contained in it, it is advisable to analyze a comparatively small portion 
for the principal constituents, and to ascertain, as &r as may be prac- 
ticable, the relative proportions in which these constituents exist, and thus 
to determine the character of the water ; and then to examine a very 
large amount of the water for those elements which are present < 
<mly iu minute quantities. For this purpose proceed as follows ; — 

1« Examination for those oonstituents of ths wateh weucb^ 249 
are pbbsent in laboer quantities. 

a. Boil about 3 lbs. of the dear water,*or of the filtrate, 
brought from the spring, in a glass flask for 1 hour, taking care, 
however, to add from time to time some distilled water, that the 
quantity of liquid may remain undiminished, and thus the sepa- 
ration of any but those salts be prevented which owe their solu- 
tion to the presence and agency of carbonic acid. Filter after an 
hour's ebullition, and examine the precipitate and the filU-ate as 
directed § 210. 

b. Test for ammonia, silicic acid, obqanic matters, &c., by the 
methods given in § 210. 
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2. Examination fob those fixed constituents of the wateb 250 
WHICH are pbesent IN MINUTE QUANTITIES ONLY. — Evaporate a 
large quantity (at least 20 lbs.) of the water in a silver or porcelain 
dish to dryness ; conduct this operation with the most scrupulous clean- 
liness in a place as free as possible from dust If the water contains no 
carbonate of an alkali, add pure carbonate of potassa to slight predomi- 
nance. The process of evaporation may be conducted at first over a gas- 
lamp, but ultimately the sand-bath must be employed. Heat the dry 
mass to very faint redness ; if in a silver dish, you may at once pro- 
ceed to ignite it ; but if you have it in a porcelain dish, first transfer it 
to a silver or platinum vessel before proceeding to ignition. If the mass 
turns black in this process, obganic scatters may be assumed to be 
present* 

Mix the residue thoroughly, that it may have the same composition 
throughout, and then divide it into 3 portions, one (c) amounting to 
about one-half, and each of the other two {a and b) to one- fourth. 
a. Examination fob iron and phosphoric acid. 

Warm the i)ortion a with some water, add perfectly pure 251 
hydrochloric acid in moderate excess, digest for some time at 
a temperature near the boiling-point, filter through paper 
washed with hydrochloric acid and water, and test 

a. A sample for iron, by means of sulphocyauide of potassium. 
/3. The remainder for phosphoric acid, by means of solution 
of molybdate of ammonia in nitric acid (§ 142, 10). 
h. Examination fob fluorine. 

Heat the portion b with water, add chloride of calcium as 252 
long as a precipitate continues to form, let deposit and filter 
the fluid from the precipitate, which consists chiefly of car- 
bonate of lime and carbonate of magnesia. After having washed 
and dried the precipitate, ignite it, then pour water over it in a 
small dish, add acetic acid in slight excess, evaporate on the water- 
bath to dryness, heat until all smell of acetic acid has disappeared, 
add water, heat again, filter the solution of the acetates of the alka- 
line earths, wash, dry or ignite the residue, and test it for fluorin]£ 
as directed § 146, 5, 
e. Examination for the remaining constituents present in 
minute quantities. 

Boil the portion c repeatedly with water, filter, and wash 253 
the undissolved residue with boiling water. You have now 
a residue (a), and a solution (fi), 

a. The residue consists chiefly of carbonate of lime, carbonate of 
magnesia, silicic acid, and — in the case of chalybeate springs — 
hydrate of sesquioxide of iron. But it may contain also minute 
quantities of babtta, strontia, alumina, and protoxide of man- 
ganese, and must accordingly be examined for these substances. 

Pour water over a portion of the insoluble residue, in a platinum 
or porcelain dish, add hydrochloric acid to slightly acid reaction, 

* This inference is, however, correct only if the water has been effectually protected 
from dust during the process of evaporation ; if this has not been the case, and you 
yet wish to ascertain beyond doubt whether organic matters are present, evaporate a 
separate portion of the water in a retort. If you find organic matter, and wish to 
kiiow whether it consists of crenic acid or of apocrenic acid, treat a portion of the 
reiudue as directed § 214, 3. 
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then i or 5 drops of dilate sulphuric acid, evaporate to dryness^ 
moisten with hydrochloric acid, then add water, warm gently^ 
filter, and wash the residue which is left undissolved. 

oa. Examination of the residxte insoluble in ht- 254 

DROGHLORIO ACID FOR BARYTA AND STRONTIA. 

This residue will generally consist of silicic acid ; but 
it may contain also sulphates of the alkaline earths and carbon. 
If there is much silicic acid present, remove this in the first 
place, as far as practicable, by boiling with dilute solution of 
soda ; filter, wash the residue, if any has been left, dry, in- 
^^ cinerate the filter in a platinum crucible, add some carbonate 

of soda and potassa and, in presence of carbon, some nitrate of 
potassa, and heat for some time to fusion. If the residue con- 
tains but little silicic acid, the treatment with solution of soda 
may be omitted, and the fusion with carbonate of potassa and 
soda, &c., at once proceeded with. Boil the fused mass with 
water, filter, wash thoroughly, dissolve the residue (which must 
have been left, if sulphates of the alkaline earths are present) 
on the filter in the least possible quantity of dilute hydro- 
chloric acid, add an equal volume of spirit of wine, then some 
pure hydrofluosilicic acid, and let the mixture stand 12 hours. 
If in the course or at the end of the 12 hours a precipitate 
makes its appearance, this denotes the. presence of bartta. 
Filter, and warm the filtrate in a platinum dish, adding from 
time to time some water, until the spirit of wine is quite driven 
oE, Mix the strongly concentrated fluid now with saturated 
solution of sulphate of lime. If this produces a precipitate, 
whether after a short tii^e or after several hours' standing, thiat 
precipitate consists of sulphate of strontia. To make quite 
sure, examine it before the blowpipe (see § 96, 7). 

The examination for baryta and strontia may be much facili- 
tated and shortened by the use of the spectrum apparatus. If 
you are in possession of an apparatus of the kind, ignite the 
remainder of the residue insoluble in water in a platinum 
crucible intensely over the blast, extract the ignited mass with 
a little water, filter, evaporate the filtrate with hydrochloric 
acid to dryness, and examine the residue by spectrum 
analysis (compare § 99). 

66. Examination of the hydrochloric acid solu- 255 
tion for protoxide of manganese and alumina. 

Mix the solution in a flask with some pure chloride of 
ammonium, add ammonia until the fluid is just turning alka- 
line, then some yellow sulphide of ammonium, close the flask, 
filled to the neck, and let it stand for 24 hours in a moderately 
warm place. If a precipitate has formed at the end of that time, 
filter, dissolve the precipitate in hydrochloric acid, boil, add solu- 
tion of potassa (§ 32 c) in excess, boil again, Alter, and test the 
filtrate for alumina, with chloride of ammonium ;* the residue 
with carbonate of soda before the blowpipe for manganese. 

* You are not juetified in regarding this substance as an ingredient of the water, 
except in cases where the process of eraporation has been conducted in a platinum or 
sliver dish, but not in a porcelain dish. 



278 ANALYSIS OF MINEHAL IfATER^. 

3. The aikaliTie solution contains the sttlts of the alkalieit, 256 
and tisuAlly also niagnesia and traces of lime. Ton have to 
examine it now^ for NtTBio acid, ' bohacig At^in, iodins, 
BB01I9ENE, and LfTHiA. Evaporate the fluid until highly/ concen- 
trated, let it cool, and place the dish in a 49lanting position, that 
the small qnantitj of liquid may separate from the saline mass ; 
transfer a few drops of the concentrated solution to a watch-glass, 
by means of a glass rod, acidify very slightly with hydrochloric 
acid, and test with turmeric-paper for boraoic acid. Evaporate 
^ the whole contents of the dish, with stirring, to perfect dryness, 

and divide the residuary powder into 2 portions, one {aa) 
ci two-thirds, the other (bb) of one-third. 

<m, EXAMINB THE LAKGEB PORTION FOR mTRiC ACID, 257 
IODINE, AND BROHINE. 

Put the powder into a flask, pour sjHrits of wine of 90 
per cent, over it, boil on the water^bath, and filter hot ; repeat 
the same operation a second and a third time. Mix the alcoholic 
extract with a few drops of solution of potassa, distil the spirit of 
wine off until but little of it remains, and let cool. If minute 
crystals separate, these may consist of nitrate of potassa ; pour 
off the fluid, wsAh the crystals with some spirit of wine, dissolve 
them in a very little water, and test the solution for nitric acid, 
best by means of indigo, or with bruoia, or iodide of potassium, 
starch-paste and zinc (§ 159). Evaporate the alcoholic solution 
now to drynesa If you have not yet found nitric acid, dissolve 
a small portion of the residue in a very little water, and examine 
the solution for that acid. Treat the remainder of the residue 
or, if it hcks been unnecessary to search for nitric acid, the entire 
residue, three times with warm alcohol, filter, evaporate the fil- 
ti-ate to dryness, with addition of a drop of solution of potassa, 
dissolve the residue in a very little water, add some starch -paste, 
acidify slightly with sulphuric acid, and test for iodine by adding 
some nitrite of potassa in solution, or a drop of solution of hypo- 
nitric acid in sulphuric acid.* After having carefully observed 
the reactions, test the same fluid for bromine with chloroform or 
sulphide of carbon, and chlorine water in the manner described 
in § 157. 

bh. Examine the sicalleb portion for lfthia. 

Warm the smaller portion of the residue, which, if 258 
lithia is present, must contain that alkali as carbonate or 
phosphate, with water, add hydrochloric acid to distinctly 
acid reaction, evaporate nearly to dryness, then mix with pure 
spirit of wine of 90 per cent, which will separate the greater 
portion of the chloride of sodium, and give all the lithia in the 
alcoholic solution. Drive off the alcohol by evaporation and, if 
you have a spectrum apparatus, examine the residue with this 
for lithia (§ 93, 3). If you have no spectrum apparatus, dissolve 
the residue in water mixed with a few drops of hydrochloric acid, 

* The nitric acid ongiDall j present may have been destroyed by the ignition of the 
residue in (250)) if the latter con tain ed organic matter. If you have reason to 
fear that such has been the case, and you have not already found nitric acid in 
(249^* examine a larger portion oi non-ignited residue for that acid, according to the 
directions of (257)* 
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ajld a little sesqiiiohloride of iron, then ammonia in slight excess, 
and a small qnantity of oxalate of ammonia ; let the mixture 
stand for some time, then filter off the fltdd, trhich is now entirely 
Ifree from phospihoric aoid and lime ; evaporate the filtrate to 
dryness, and gently ignite the residue until the salts of ammonia 
anre expelled; treat the residue with some chlorine water (to 
remove the iodine and bromine) and a few drops of hydrochloric 
add, and evaporate to dryness ; add a little water and (to remove 
the magnesia) some finely divided oxide of mercury, evaporate to 
drjmeBS, and gently ignite the resddtie until the cUoride of mer- 
•enry is just driven off; treat the residue now with a mixture of 
absolute alcohol and anhydrous ether, filter tlie solution ohtained, 
concentrate the filtrate by evaporation, and set fire to the aloohoL 
If it burns with a carmine flame, lithia is present. By way of 
eonfirmation convert the lithia found into phosphate of lithia 
(§ 0«, 3). 

3. EXAIONATIOI^ FOR THOSE OONSTITtJENTS OF ^THS WATER WHICH 
ARE PRESENT IN MOST MINUTE QUANTITIES ONLY. 

1. Bvaporate 200 or 300 lbs. of the water in a large perfectly 259 
clean iron vessel until the salts soluble in water begin to separate. 

If the mineral water contains no carbonate of soda, add sufficient of 

that snbstance to impart a perceptibly alkaline reaction to the -fluid. 

After eva[)Oration filter the solution off, wash the precipitate, without 

adding the washings to the first filtrate, and 

a Examine the precipitate by the method given in § 214 for 
Btnter deposits ; 

6. Mix the solution with hydrochloric acid to acid reaction, 
heat, just precipitate the sulphuric acid which may be present 
with chloride of barium, filter, evaporate the filtrate to dryness, 
digest the residue with alcohol of 90 per cent., and examine the 
solution for cjbsium and rubidium according to the direc- 
tions of § 93, last paragraph. 

2. Test a portion of the original water for nitrous aoid accord- 260 
ing to the directions of (241)« If the water contains hydrosul- 
phuric acid, this is removed first by very cautious addition of some 
aulphate of silver (under no circumstances must silver salt be allowed 
to remain in solution). 

II. Examination of the Sinter-Deposit. 

§214. 

I. Free the ochreous or sintei^eposit from impurities, by picking, 261 
sifting, elutriation, &a, and from the soluble salts adhering to it, by 
washing with water ; digest a large quantity (about 200 grammes) 
of the residue with water and hydrochloric acid (effervescence : car- 
bonic acid) until the soluble part is completely dissolved ; dilute, let 
oool, filter, and wash the residue. 

a. £aDamin€Ui(m o/thefiUraU. 

a. Heat the larger portion of the filtrate nearly to boilings 262 
and add gradually a solution of pure hyposulphite of soda 
nntii the whole of the sesquichioride of iron is converted to 



ft! 2 ANALYSTS OP MINERAL WATERS, 

protoobloride ; heat and conduct carbonic acid into the fluid until 
the mixture smells no longer, or only very faintly, of sulphurous 
acid. Then conduct hydrosulphuric acid into the unflltered fluid, 
which, if necessary, should previously be diluted. Let the fluid, 
now stand in a moderately warm place until it retains only 
a faint smell of sulphuretted hydrogen, then filter and wash. 

Displace the washing water by strong alcohol, and 263 
remove the greater part of the free sulphur by digestion and 
washing with sulphide of carbon ; then warm the precipitate 
gently with some yellowish sulphide of ammonium, filter, wash 
with water containing sulphide of ammonium, and evaporate the 
filtrate and washings in a small porcelain dish to dryness. Pour 
pure red fuming nitric acid over the residue, warm until the 
greater part of the nitric acid is driven off, add carbonate of soda 
in slight excess, then a little nitrate of soda, heat to fusion, treat 
the fused mass with cold water, filter, wash with a mixture of 
spirit of wine and water, and test the aqueous solution for absenic 
ACID (121) and (122)* the residue for antihont, tin, and 
COPPER, by dLAolving in dilute hydrochloric acid, and testing one 
half of the solution in the platinum dish with zinc for antimony 
and tin (123)j the other half with ferrocyanide of potas- 
sium for copper. 

If a residue has been left upon treating the precipitate 264 
produced by hydrosulphuric acid with sulphide of ammo- 
nium, wash, and remove from the filter by means of the 
washing bottle ; boil with a little dilute nitric acid, filter, wash, 
and pour solution of hydrosulphuric acid over the contents of the 
filter — that any sulphate of lead present may not be overlooked — 
then test for babtta and strontia as in (254)- Mix the filtrate 
(the nitric add solution) with some pure sulphuric acid, evapo- 
rate on the water-bath to dryness, and treat the residue with 
water. If this leaves an undissolved residue, the latter consis1» 
of sulphate of lead. To make quite sure, filter, wash the residue, 
treat it with hydrosulphuric acid water, and observe whether 
that reagent imparts a black color to it Test the fluid filtered 
from the sulphate of lead which may have separated, a with 
ammonia, b with ferrocyanide of potassium, for coppbb. 

Evaporate a portion of the fluid filtered from the preci- 265 
pitate produced by hydrosulphuric acid to dryness, treat 
the residue with hydrochloric acid and water, filter, and 
• test the filtrate for phosphobic acid with solution of molyb- 
date of ammonia iu nitric acid. Mix the remainder in a flask 
with chloride of ammonium, ammonia, and yellowish sulphide 
of ammonium, close the flask, filled up to the neck, and let it 
stand in a moderately warm place until the fluid above the pre- 
cipitate looks no longer greenish, but yellow ; filter, and wash 
the precipitate with water to which some sulphide of ammonium 
has been added. Dissolve the washed precipitate in hydrochloric 
acid, and examine for cobalt, nickel, ibon, icanganese, zinc, 
ALUMINA, and SILICIC ACID, according to the directions of (152) 
to (160)- — Examine how the fluid filtered from the precipitate 
produced by sulphide of ammonium for lime and magnesia in the 
usual way. 
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/9. Mix a portion of the hydrochloric acid solution, considerably 
dilated, witn chloride of barium, and let the mixture stand 12 
hours in a warm place. The formation of a white precipitate in- 
dicates the presence of sulphuric acid. 
h, Exomkination of the residue. 

This consists usually of silicic acid, clay, and organic mat- 266 
ters, but it may also contain sulphate of li^ryta and sulphate 
of strontia. Boil in the first place with solution of soda or 
potassa^ to dissolve the silicic acid ; then fuse the residue with 
carbonate of soda and potassa, and a little nitrate of potassa. Boil 
the mass with water, wash the residue thoroughly, and dissolve it in 
some hydrochloric acid ; the silicic acid still present then sepa- 
rates, add ammonia to the filtrate, filter again from the alumina, 
&c,, which may precipitate, evaporate the filtrate to dryness, gently^ 
ignite the residue, redissolve it in very little water, with addition of 
a drop of hydrochloric acid, and test for babtta and stbontia 
as directed (254)* 

2. As regards the examination for fluorine, the best way is to 267 
take for this purpose a separate portion of the ochreous or sinter- 
deposit. Ignite (which operation will also reveal the presence of 
organic matters), stir with water, add acetic acid to acid reaction, evapo- 
rate until the acetic acid is completely driven off, and proceed as 
directed (252)* 

3. Boil the ochreous or sinter-deposit for a considerable time 268 
with concentrated solution of potassa or soda, and filter. 

a. Acidify a portion of the filtrate with acetic acid, add 
ammonia, let the mixture stand 12 hours, and then filter the fluid 
from the precipitate of alumina aud hydrated silicic acid, which 
usually forms ; again add acetic acid to acid reaction, then a solution 
of neutral acetate of copper. If a brownish precipitate is formed, 
this consists of apocrenate of copper. Mix the fluid filtered from 
the precipitate with carbonate of ammonia, until the green color 
has changed to blue, and warm. If a bluish-green precipitate is 
produced, this consists of cbenate of copper. 

b. If you have detected arsenic, use the remainder of the alkaline 
fluid to ascertain whether the arsenic existed in the sinter as 
ARSENious ACID or as ABSENic ACID. Compare § 134, 9. 

XY. Analysis of Soils. 

§215. 

Soils must necessarily contain all the constituents which are found in 
the plants growing upon them, with the exception of those supplied by 
the atmosphere and the rain. When we find, therefore, a plant the con- 
stituent elements of which are known, growing in a certain soil, the 
mere fact of its growing there gives us some insight into the composition 
of that soil, and may accordingly save us, to some extent, the trouble of 
% qualitative analysis. 

Viewed in this light, it would appear quite superfluous to make a 
qualitative analysis of soils still capable of producing plants ; for it is 
well known that the ashes of plants contain almost invariably the same 
constituents, and the differences between them are caused principally by 
differences in the relative proportions in which the several constituents 
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are present. But if, in the qtialitative analysis of a soil, regard is had 
al^o— in so far a^ may be done by a simple estimation — to the quantities 
and paroportions ei the several constituent ingredients, and to the state 
and condition in which they are found to be present in the soil, an 
analysis of the kind, if combined with an examination of the physical 
properties of the soil, and a mechanical separation of its component 
parts,* may give most useful results, enabling the analyst to judge suffi- 
ciently of the condition of the soil, to supersede the necessity of a qucmti- 
tcUive analysis, which would require much time, and is a far more difficult 
task. ^ 

As plants can only absorb substances in a state of solution, it is a 
matter of especial importance, in the qualitative analysis of a soil, to 
know which are the constituents that are soluble in water ;t which those 
that require an acid for their solution (in nature principally carbonic 
licid) ; and, finally, which those thai are neither soluble in water nor in 
acids, and are not, accordingly, in a position for the time being to afford 
nutriment to the plant. With regard to the insoluble substances, another 
interesting question to answer is whether they suffer disintegration 
readily, or slowly and with difficulty, or whether they altogether resist 
the action of disintegrating agencies ; and also what are the products 
which they yield upon their disintegration. ;{: 

In the analysis of soils, the constituents soluble in water, those 
soluble in acids, and the insoluble constituents, must be examined sepa- 
rately. The examination of the organic portion also demands a separate 
process. 

The analysis is therefore properly divided into the following four 
parts: 

1. FreparcUion and Easamination of the Aqueous Extract. 

§ 216. 

About two pounds (1000 grammes) of the air-dried soil are used 269 
for the preparation of the aqueous extract. To prepare this extract 

* With regard to the mechaDical separation of the component parts of a soil, and the 
examination of its physical properties and chemical condition, compare Fr. Schul7ie*8 
paper, *' AnleituDg zur Untersuchung der Ackererden auf ihre wichtigsten physik- 
alischen Eigenschaften und Bestandtheile.'" — Journal f. prakt. Ghemie, YoL 47, 
p. 241 ; also Fresenius' *' Quantitative Analysis," § 258. 

t It was formerly universally assumed that substances soluble in water, or in 
water containing carbonic acid, circulated freely in the soil so long as there existed 
agents for their solution ; but since it has been discovered that arable soil possesses 
in a similar manner to porous charcoal, the property of withdrawing from dilute 
solutions the bodies dissolved in them, this notion is exploded, and we now know that 
arable soil will bind and retain with a certain force bodies otherwise soluble — ^fronx 
which we conclude accordingly that the aqueous extract of a soil cannot be expected 
to contain the whole of the substances present in that soil in a state immediately 
available for the plant. Neither can we expect to find these matters in the aqueous 
extract in the same proportion in which they are present in the soil, since the 
latter will readily give up to water those substances in regard to which ita power 
of absorption has been satisfied, whilst it will more or less strongly retain others. 
But although, for this reason, the examination of the aqueous extract of a soil 
has no longer the same value as it was formerly considered to have, yet it is still 
useful to ascertain what substances a soil will actually give up to water. It m for 
this reason that I have retained the chapter on the preparation and examination 
of the aqueous extract. 

X For more ample information on this subject, I refer the reader to Fresenius' 
*' Chemie fiir Landwirthe, Forstroanner und Cameraliaten ;'* published at Brunswick^ 
by F. Vieweg andiion, 1847, p. 486. 
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qnite clear is a tnatter of some difficulty; iu Ibllawfng the usual oounse, viz., 
digedting or boiling the earth with water, and filtering, the fine particles 
of olaj are speedily found to impede the operation, by choking up the 
pores of the filter ; they also almost invariably render the filtrate turbid, 
at least the portion which passes through first I have found the 
following method the most practical.* Olose the neck of several middle- 
sized funnels with small filters of coarse blotting-paper, moisten the 
paper, pttess it olose to the sides of the funnel, and then introduce the 
air-dried soil, in small lumps ranging from the size of a pea to that of 
a walnnt, but not pulverized or even crushed ; fill the funnels with the 
soil to the extent of about two-thirds. Pour distilled water into them, 
in sufficient quantity to cover the soil ; if the first portion of the filtrate 
is turbid, pour it back into the funnel. Let the operation proceed quietly. 
When the first quantity of the fiuid has passed, fill the funnels a second, 
and after this a third time with water, and continue this process of 
lixiviation until the filtiutes weigh twice or three times as much as the 
soil used. Collect the several filtrates in one vessel, and txnx them inti- 
mately together. Keep a portion of the lixiviated soil. 

a. Strongly concentrate two^thirds of the aqueous solution 270 
by cautioudy evaporating in a porcelain dish, filter off a por- 
tion, and test its reaction ; put aside a portion of the filtrate 
for the subsequent examination for organic matters, according to 
the directions of (280)* Warm the remainder, and add nitric acid. 
Evolution of gas indicates the presence of an alkaline carbonate. 
Then test with nitrate of silver for OHLoaiNE. b. Transfer the 
remainder of the concentrated fiuid, together with the precipitate 
which usually forms in the process of concentration, to a small por- 
celain, or, which is preferable, a small platinum dish, evaporate to 
dryness, and cautiously heat the brownish residue over the lamp 
until complete destruction of the organic matter is effected. In 
presence of nitrates this operation is attended with defiagration, 
which is more or less violent according to the greater or smaller 
proportion in which these salts are present, e. Test a small portion 
of the gently ignited residue with carbonate of soda before the 
blowpipe for manganese, d Warm the reniainder with water, add 
some hydrochloric acid (effervescence indicates the presence of car- 
bonic acid), evaporate to dryness, heat a little more strongly, to 
effect the complete separation of the silicic acid, moisten with hy- 
drochloric acid, add water, warm, and filter. The washed residue 
generally contains some carbonaceous matter, also a little clay — if 
the aqueous extract was not perfectly clear — and lastly silicic acid. 
To detect the latter, make a hole in the point of the filter, rinse the 
residue through, boil with solution of carbonate of soda, filter, 
saturate with hydrochloric acid, evaporate to dryness, and treat 
the residue with water, which will leave the ulicio add 
undissolved. 

6. Test a small portion of the hydrochloric add solution 271 
with chloride of barium for sulphuric acid ; another portion 
with solution of molybdate of ammonia in nitric acid for 

PHOSPHORIC ACID j 8 third portion with sulphocyanide of potassium 

• 

* Becommended by Fr. Schulze, " Anleitang ziir Untenuchung der Ackererden. 
»iif ihre wichtieBten physikalischen Eigenschaflen nod Beatandtheile." — Journ. f. 
prakt. Chemie, Vol 47, p. 241. 
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for SESQUioxiDB OF IRON. Add to the remainder a few drops of 
sesquichloride of iron (to remove the phosphoric acid), then am* 
monia cautiously until the fluid is slightly alkaline, warm a little, 
Alter, throw down the lime from the filtrate hy means of oxalate 
of ammonia, and proceed for the detection of magnesia, potassa, 
and SODA, in the usual way, strictly according to the direc- 
tions of § 196. 

/, Alumina is not likely to be found in the aqueous ex- 272 
tract. (Fr. Schulze never found any.) However, if you 
wish to test for it, boil the ammonia precipitate obtained 
in e (271) with pure solution of soda or potassa, filter, and 
test the filtrate with chloride of ammonium. 

g. If you have detected iron, test a portion of the remaining 273 
third of the aqueous extract with ferricyanide of potassium, 
another with sulphocyanide of potassium, both after previous 
addition of some hydrochloric acid : this will indicate the degree 
of oxidation in which the iron is present. Mix the remainder of 
the aqueous extract with a little sulphuric acid, evaporate on the 
water-bath nearly to dryness, and test the residue for ammonia, by 
adding hydrate of lime. 

2. Prepcbration cmd JEocammation of the Acid Extract, 

§217. 

Heat about 50 grammes of the soil from which the part soluble 274 
in water has been removed as far as practicable* (see § 216), with 
moderately strong hydrochloric acid (effervescence indicates cab- 
BONio acid) for several hours on the water-bath, filter, and make the 
following experiments with the filtrate, which, owing to the presence 
of sesquichloride of iron, has in most cases a reddish-yellow 
color :—- 

1. Test a small portion of it with sulphocyanide of potassium 275 
for SESQUioxxDE OF IBON, another with ferrocyanide of potassium 

for PROTOXIDE OF IRON. 

2. Test a small portion with chloride of barium for sulphuric acid, 
another, after separation of the silicic acid with solution of molyb- 

date of ammonia in nitric acid, for phosphoric acid. 

3. Mix a larger portion of the filtrate with ammonia to neutr&- 276 
lize the free acid, then with yellowish sulphide of ammonium ; let 

the mixture stand in a warm place, in a fiask filled up to the neck, 
until the fluid looks yellow ; then filter, and test the filtrate in the 
usual way for lime, maonesia, potassia, and soda. 

4. Dissolve the precipitate obtained in 3 (276) ii^ hydrochloric 277 
acid, evaporate the solution to dryness, moisten the residue with 
hydrochloric acid, add water, warm, filter, and examine the filtrate 
according to the directions of (150)> for iron, manganese, alumina, 
and, if necessary, also for lime and magnesia, which may have been 
thrown down by the sulphide of ammonium, in combination with phos- 
phoric acid. 

5. The separated silicic acid obtained in 4 is usually colored 
by organic matter. It must, therefore, be ignited to obtain it pure. 

* Complete lixiviation is generally impracticable. 
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6. If it IS a matter of interest to ascertain whether the hydro- 

I chloric acid extract contains arsenic aoid, oxide of copper, <fcc., 278 
I treat the remainder of the solution first with sulphite of soda, 
i then with hydrosulphuric acid, as directed in (262) to (264)* 

7. Should you wish to look for fluorine, ignite a fresh portion of the 
earth, and then proceed according to the directions of (q30)* 

3. Examination of the Inorganic Constituents insokMe in Water 

cmd Acids. 

§ 218. 

The operation of heating the liidviated soil with hydrochloric 279 
acid (274) leaves still the greater portion of it undissolved. If you 
wish to suhject this undissolved residue to a chemical examination, 
wash, dry, and sift, to separate the large and small stones from the 
clay and sand ; moreover, separate the two latter from each other hy 
elutriation. Subject the several portions to the analytical process given 
for the silicates (§ 205). 

4. Examiriation of the Organic Gonstittients of the Soil* 

§ 219. 

The organic constituents of the soil, which exercise so great an influ' 
enoe upon its fertility, both by their physical and chemical action, are 
partly portions of plants in which the structure may still be recognised 
(fragments of straw, roots, seeds of weeds, &c.), partly products of vege- 
table decomposition, which are usually called by the general name of 
HUMUS, but differ in their constituent elements and properties, according 
to whether they result from the decay of the nitrogenous or non-nitro- 
genous parts of plants — whether alkalies or alkaline earths have or have 
not had a share in their formation — whether they are in the incipient or 
in a more advanced stage of decomposition. To separate these several 
component parts of humus would be an exceedingly difficult task, which, 
moreover, would hardly repay the trouble ; the following operations are 
amply sufficient to answer all the purposes of a qualitative analysis of 
the organic constituents of a soiL 

a. Examination of the Organic Substances soluble in Water. 

Evaporate the portion of the filtrate of (270) which has been put 280 
aside for the purpose of examining the organic constituents, oil the 
water-bath to perfect dryness, and treat the residue with water. 
The ulmic, humic, and geic acids, which were present in the solution in 
combination with bases, remain undissolved, whilst crenic acid and 
apocrenio acid are dissolved in combiuation with ammonia; for the 
manner of detecting the latter acids, see (268)* 

h. Treatment with an Alkaline Carbonate. 

Dry a portion of the lixiviated soil, and sift to separate the 281 
fragments of straw, roots, &c., together with the small stones, from 
the finer parts ; digest the latter for several hours at a tempera- 

* ComDare FresemuB* " Chemie fUr Landwirthe, Forstmanner und Oameralisten;'* 
published at Braaswick, by F. Yieweg and Son, 1847| S§ 282—285. 
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ture of 176*— 194® F., with solution of carbonate of soda^ and filter. 
Mix the filtrate with hydrochloric acid to acid reaction. If brown flakes 
separate, tbeae proceed from ulmic acid, humic acid> or geic acid. The 
larger the <}uantitj of ulmic acid present the lighter, the larger that of 
humic acid or geic acid, the darker the brown color of the flakes. 

c. TrecUment wUh Caustic Alkali. 

Wash the soil boiled with solution of carbonate of soda (h) with 282 
water, boil several hours with solution of potassa, replacing the 
water in proportion as it evaporates^ dilute, filter, and wash. 
Treat the brown fluid as in 6. The ulmic and humip acids which 
separate now, are new products resulting from the action of boiling 
solution of potassa upon the ulmine and humine origiimllj present. 

Y, DjESTEgriQN or Inqbgakio Substavcbs i^r "PuMsmc^ Qf 

OjIQAVIC SunSTANCBSf 

§ 220. 

The impediments which the presence of coloring, slimy, and other or- 
ganic substances throw in the way of the detection of inorganic bodies, 
and that the latter can often be effected only after the total destructiou 
of the organic admixture, will be readily conceived, if we reflect that in 
dark colored fluids changes of color or the formation of preoipitat(*s 
escape the eye, that slimy fluids cannot be filtered, &o. Now, as these 
difficulties are very often met with in the analysis of medicinal sub- 
stances, and more especially in the detection of inorganic poisons in 
articles of food or in the contents of the stomach, and, Itustly, aiso in the 
examination of plants and animals, or parts of them, for their inorganic 
constituents, I will here point out the processes beet adapted to lead to 
the attainment of the object in yiew, both in the general way and in 
special cases. 

1. General Rules for the Detection of Inorganic Svhetancee m Presence of 
Orgamic MaUere^ which by their Color, Consistence, dkc, impede the 
Application of the Reagents, or obscure the Reactions produced, 

§ 221. 

We confine ourselves here, of course, to the description of the most 
generally applicable methods, leaving the adaptation of the modifications 
which circumstances may require in special cases to the discretion 
of the analyst* 

1. The syosTAKcs undjcb examinatiok dissoltes in wateb, nuT 283 

THE SOLUTION IS I>AnK-<;0L0RED Oft OF SLIHT CONSISTENCE, 

a. Heat a portion of the solution with hydrochloric acid on 
the water-bath, and gradually add chlorate of potassa imtil the mix- 
ture is decolorized and perfectly fluid j heat until it exhales no 
longer the odor of chlorine, then dilute with water, and filter. ICx- 
amine the filtrate in the usual way, commencing at § 190. Compare 
ako f 225. 

h. Boil another portion of the solution for some time with nitric 
aoid, filter, and test the filtrate for silver, potassa, and htdbo- 
CHLORic ACID. If the nitiic acid succeeds in effecting the ready 
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and complete destruction of the coloring and slimy matters, d^c.^ 
this method is often altogether preferable to all others. 

e. Alumina and sesquioxide of chromium might escape detec- 
tion by this method, because ammonia and sulphide of ammonium 
fail to precipitate these oxides from fluids containing non-volatile 
organic substances. Should you have reason to suspect the presence 
of these oxides, mix a. third portion of the substance with carbonate 
of soda and chlorate of potassa, and throw the mixture gradually 
into a red-hot crucible. Let the mass cool, then treat it with water, 
and examine the solution for chromic acid and alumina, the 
residue for alumina (§ 103). 

2. BOIIJNG WATEB FAILS TO DISSOLVE THE SUBSTANCE, OB EFFECTS 284 
ONLY PABTIAL SOLUTION ; THE FLUID ADMITS OF FILTRATION. 

Filter, and treat the filtrate either as dinscted § 189, or, should 
it require decoloration, according to the directions of (283)* The resi- 
due may be of various kinds. 

a. It is fattt. Remove the fatty matter by means of ether^ 
and should a residue be left, treat this as directed § 175. 

6. It is resinous. Use alcohol instead of ether, or apply both 
liquids successively. 

c It is of a different nature, e.g,f woody fibre, Ac 

a. Dry, and ignite a portion of the dried residue in a porcelain 
or platinum vessel until total or partial incineration is effected ; 
boil the residue with nitric acid and water, and examine the solu» 
tion as directed (109) ] if & residue has been left, treat this ac- 
cording to the directions of § 203. 

/3. Examine another portion for the heavy metals, and for acidff, 
as directed in (283 ^^^ 284)— since with the method given in 
a arsenic, cadmium, zinc, &c., may volatilize, besides the com- 
pounds of mercury which may be present. 

y. Test the remainder for ammonia, by triturating it to- 
gether with hydrate of lime. 
3. The substance does not admit of filtration or ant other 285 
means of separating the dissolved from the undissolved part. 
Treat the substance in the same manner as the residue in (284)* 
As regards the charred mass (284) <?i a, it is often advisable to boil the 
mass, carbonized at a gentle heart, with water, filter, examine the filtrate, 
wash the residue, incinerate it, and examine the ash. 

2. Detection of Inorganic Foiaons in Articles of Food, in Dead 
Bodies, <£rc., in Chemico-legcU Gases,* 

§ 222. 

The chemist is sometimes called upon to examine an article of 286 
food, the contents of the stomadi of an individual, a dead body, 
&C., with a view to detect the presence of some poison, and thus to 
establish the fact of a wilful or accidental poisoning ; but it is more fre* 
quently the case that the question put to him is of a less general nature, 

* Compare : a. Freaeniiu, "die Stellang des Ghemiken bei fi^ofatlioh-ofaemiBcben 
UnterauchungeD," &c. (AnnaL der Chemie und Pharm. 49, 275) ; and h, Freaenius 
and ▼. Babo's *'Abhandluog ttber ein neues, unter alien Umstaaden aioheres Ver- 
fahren zur Ausmittelung und quantitatiren Bestimmuug des Arsens bei Vergiftunga- 
fiLUtan.'* — ^AnnaL der Chemie und Pharmaoie, 49, 287- 
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and that he is called upon to determine whether a certain substance placed 
before him contains a metallic poison ; or, m^re pointedly still, whether 
it contains arsenic or hydrocyanic acid, or some other particular poison — 
as it may be that the symptoms point clearly in the direction of that 
poison, or that the examining magistrate has, or believes he has, some 
other reason to put this question. 

It is obvious that the task of the chemist will be the easier, the more 
special and pointed the question which is put to him. However, the 
analyst will always act most wisely, even in cases where he is simply 
requested to state whether a certain poison, e.g., arsenic, is present or 
not, if he adopts a course of proceeding which will not only permit the 
detection of the one poison specially named, the presence of which may 
perhaps be suspected on insufficient grounds, but will moreover inform 
him as to the presence or absence of other similar poisons. 

But we mast not go too far in this direction either ; if we were to 
attempt to devise a method that should embrace all poisons, we might 
unquestionably succeed in elaborating such a method at the writing- 
desk ; but practical experience would bat too speedily convince us that 
the intricate complexity inseparable from such a course, must necessarily 
impede the easy execution of the process, and impair the certainty of the 
results, to such an extent indeed, that the drawbacks would be greater 
than the advantages derivable from it. 

Moreover, the attendant circumstances permit usually at least a 
tolerably safe inference as to the group to which the poison belongs. 
Acting on these views, I give here, — 

1. A method which ensures the detection of the minutest traces of 
arsenic, allows of its quantitative determination, and permits at the same 
time the detection of all other metallic poison& 

2. A method to effect the detection of hydrocyanic acid, which leaves 
the substance still fit to be examined both for metallic poisons and for 
vegeto-alkalies. 

3. A method to effect the detection. of phosphorus, which does not 
interf^ with the examination for other poisons. 

Thi^ Section does not, therefore, profess to supply a complete guide in 
every poslible case or contingency of chemico-legal investigations. But 
the instructions given in it are the tried and proved results of my own 
practice and experience. Moreover, they will generally be found sufE- 
cient, the move so a^ in the Section on the vegeto-alkalies, I give the 
description of the best processes by which the detection of these latter 
poisons in criminal cases may be effected. 

I. Method fob the Detection of Arsenic (with due Eeoabd to 

THE POSSIBLE PbESENCE OF OTHER METALLIC PoiSONS). 

§ 223. 

Of all metallic poisons arsenic is the most dangerous, and at the 287 
same time the one most frequently used, more particularly for the 
wilful poisoning of others. And again, among the compounds of 
arsenic, arsenious acid (white arsenic) occupies the first place, because— 
(1) It kills even in small doses ; (2) It does not betray itself, or at least 
very slightly, by the taste : and (3) It is but too readily procurable. 

As arsenious acid dissolves in water only sparingly and — on aocoimt 
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of the difficulty with which moisture adheres to it-*very slowly, the 
greater portion of the quantity swallowed exists usually in the body 
tttill in the undissolved state ; as, moreover, the smallest grains of it 
may be readily detected by means of an exceedingly simple experiment ; 
aud lastly, as — no matter what opinion may be entertained about the 
normal presence of arsenic in the bones, &c. — ^this much is certain, that 
at all events cbrsenioiM acid in grains or poioder is never normally present 
in the body, the particular care and efforts of the analyst ought always 
to be directed to the detection of the arsenious acid in substance — ^and 
this end may indeed usually be attained. 

A, Mdhodfor the Detection of undiseolved Araenuma Acid, 

1. If you have to examine some article of food, substances re- 288 
jected from the stomach, or some other matter of the kind, mix the 
whole as uniformly as may be practicable, reserve one- third for un- 
foreseen contingencies, and mix the other two-thirds in a porcelain dish 
with distilled water, with a stirring rod ; let the mixture stand a little, 
then pour off the fluid, together with the lighter suspended particles, into 
another porcelain dish. Bepeat this latter operation several times, if pos- 
sible with the same fluid, pouring it from the second dish back into the 
first, &C. Finally, wash once more with pure water, remove the fluid, fts 
far as practicable, and try whether you can find in the dish small, white, 
hard grains which feel gritty and grate under the glass rod. If not, 
proceed as directed § 224 or § 225. But if so, put the grains, or part 
of them, on blotting-paper, removing them from the dish with the aid 
of pincers, and try the deportment of one or several grains upon heating 
in a glass tube, and of some others upon ignition with a splinter of char- 
coal (compare § 132, 2 and 11). If you obtain in the former experiment 
a white crystalline sublimate, in the latter a lustrous arsenical mirror, 
the fact is clearly demonstrated that the grains selected and examined 
consisted really of arsenious acid. If you wish to determine the 
quantity of the poison, or to test for other metallic poisons, unite the 
contents of both dishes, and proceed as directed § 224 or § 225. 

2. If a stomach is submitted to you for analysis, empty the' contents 
into a porcelain dish, turn the stomach inside out, and (a), search the 
inside coat for small, white, hard, sandy grains. The spots occupied by 
such grains are often reddened ; the grains are also firequently found firmly 
imbedded in the membrane, {b) Mix the contents in the dish uniformly, 
put aside one-third for unforeseen contingencies, and treat the other 
two-thirds as in 1. The same course is pursued also with the intestines. 
In other parts of the body — with the exception perhaps of the pharynx 
and oesophagus — arsenious acid cannot be foimd in grains, if the poison 
has been introduced through the mouth. If you have found grains of 
the kind described, examine them as directed in 1 ; if not, or if you wish 
to test also for other metallic poisons, proceed according to the instruc- 
tions of § 224 or § 225. 

£. Method of detecting soluble Arsenical and other MOaUic Compoimds 

hy means of Dialysis. 

§ 224. 

If method A has failed to show the presence of arsenious acid 289 
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in the solid state, and tbe process described in { 2$5, m which the 
organic substanoeB are totally destroyed by chlorate of potassa 
and bydrochlorio acid, is at once resorted to, the operator muat, 
of course, in the event of the presence of arsenic being revealed, give 
up all notion of ascertaining, as far as the portion operated upon is 
concerned, in what form or combination the poison detected hae been 
administered ; aa the process will always simply give a solntiou con- 
taining arsenic acid, no matter whether the poison was originally present 
in that form, or ae arsenious add, or aa a sulphide, or in the metallic 
state, Ac, This defect may be remedied, however, by making after A, 
and before proceeding to B, first a dialytic experiment.* 

The experiment requires the 
apparatus shown in Fig. 34 
(Hoop Dialyser). 

The hoop is made of wood 
or, better, of sheet gntta 
percha ; it is 2 inches in depth, 
and 8 or 10 inches in diameter. 
The disk of parchment-paper 
used should measure 3 or 1 
inches more in diameter than 
the hoop to be covered. It in 
moistened, and then bound to 
the hoop by string, or by aa 
elastic t^d ; but it should not 
be firmly secured. The parch- 
ment-paper must not be porous. 
_,. g. Its soundness is tried by spong- 

' ing the upper sur&ce with pure 

water, and then observing whe- 
ther wet spots show on the opposite side, in which case the defects are 
remedied by applying liquid ^bumen aud coagulating this by heat. 
"When the dialyser has thus been got ready, free from all defects, the 
mass to be examined (residue and fluid of § 223, A) is, after prevloua 
addition, whei« the circumstances of the case require it, of two-thirda 
of the stomach, intestinal canal, &c., cut small, and after digestion of 
the whole mixture for 24 hours at about 89 to 90° Fahrenheit, poured 
into the hoop, upon the surface of the parchment-paper, but only to a 

* DislysU ia a mBans of chemical analveis onTy quite recently introduced into tbe 
S^ence by GkaBaU (PbiL Mug., Fourth Series, Nob. 163 — 165). It is based upon 
tbe difiereot deportment of bodies diaeolTed in «ftt«r when placed in contact with 
iQoiet raembranea, A cerUuc ekes of bodies, to which tbe nuna " crytlalioidi" ia 
given, have the power of peaetraticg suitable membntnee platied in contact with their 
solutioD, whilst another cIseH of bodies, to which tbe name " colloida" is given, do not 
possess that property. To the former class belong all crjstalliEable bodies, to the 
latter all non-cryBtallizable bodies, suohae geUtioe, gum, dextrin, caramel, tannic acid, 
albumen, extractive matters, hjdnited silicic acid, tc. The septum most consiBl 
of a colloid matler, Buci| as an animal membraae, or, which is the b«at and moet 
suitable, of parcbment-paper, and must on the other side be in contact with watw. 
Grahik eiplaine the action which ensues upon the assumption that tbe crystaUoids 
appropriate t« them tbe water absorbed by the colloid septum, aaquiring thersb; a 
medium for diffusiou, whilst the dissolved colloids, possessing only a moat feeble 
afBuitj for water, are unable to separate that liquid fram the septum, and fail there- 
fore ulao to penetrate the latter, and tbus to open the door for their own paasBge 
outward by diSiwion. 
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depth of half-an-inch at the most. The dialyser is tben floated in a 
basin containing about 4 times as much water as the fluid to be dialysed 
fi.moiint8 to. After 24 hours the one-half or three^fourtbs of the crjs* 
talloid substances will be found in the external water, which generally 
uppears colorless. Concentrate this by evaporation on the water-bath, 
ficidify with hydrochloric acid, treat with sulphuretted hydrogen, and 
proceed generally as directed in § 291, <fec. If an arsenical compound 
soluble in water (or some other soluble metallic salt) was present, the 
corresponding sulphide is obtained almost pure. By floating the dialyser 
successively on fresh supplies of water, the whole of the crystalloid sub- 
stances present may finally be withdrawn from the mass. When this 
has been accomplished, examine the residue for metallic compounds 
insoluble in water, as directed in § 225, 

C, Method /or the Detection of Arsenic in whatever Form of Combination 
it may exist, which aUows also a Qtiantitative .determination of that 
Poison, and permits at the sams time the Detection of other MetaMia 
Poisons which may be present* 

^225. 

If you have found no arsenious acid in substance by the method 
described in A, nor a Sf)luble arsenic compound by dialysis, evaporate 
the mass in the porcelain dish, which has been diluted by washing 
with water (see A, 1), on the water-bath, to a pasty consistence. If you 
have to analyze a stomach, intestinal tube, &c., cut this into pieces, and 
add two-thirds to the mass in the dish, if this has Hot been done already 
in the process of dialysis. 

In examining other parts of the body (the lungs, liver, &c,), cut them 
also into small pieces, and use two-thirds for the analysis. The process 
is divided into the following parts.t 

1. Decoloration cmd SoliUion, 

Add to the matters in the porcelain dish, which, by way of 290 
illustration, may amount to from 4 to 8 ounces (120-240 grm.), an 
amount of pure hydrochloric acid of 1*12 sp. gr., about equal to or 
somewhat exceeding the weight of the dry substances present, and suffi- 
cient water to give to the entire mass the consistence of a thin paste. 
The quantity of hydrochloric acid added should never exceed one- third 
of the entire liquid present Heat the dish now on the water-bath, adding 
every five minutes about two grammes (half a drachm) of chlorate of 
potassa to the hot fluid, with stirring, until the contents of the dish show 
a light-yellow color and a perfectly homogeneous appearance, and are 
quite fluid ; replace the evaporating water from time to time in this 
process. When this point is attained, add again a portion of chlorate 
of potassa, and then remove the dish from the water-batL When the 
contents are quite cold, transfer them cautiously to a linen strainer or 

* This method is essentially the same as that which I have elahorated and published 
in 1844, jointly with L. v. Babo ; compare ** Annal. der Ghemie und Pharmacie,*' 
Bd. 49, p. 808. I have since that time bad frequent occasion to apply it ; I hare also 
bad it tried by others, under my own inspection, and 7 have invariably fownd it to 
answer the pwrpote ^fectly, 

t I think I need hardly observe that in such extremely delicate experiments the 
vessels and reagents used in the process must be perfectly free from arsenic, from 
heavy metals in general, and indeed from every impurity. 
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to a white filter, according to the greater or less quantity of substance ; 
allow the whole of the fluid to pass through, and heat the filtrate 
on the water-bath with renewal of the evaporating water, until the 
smell of chlorine has quite or nearly gone off. Wash the residue well 
with hot water, and dry it ; then mark it I., and reserve for further 
examination, according to the instructions of (303)* Evaporate the 
washings on the water-bath to about 3 or 4 oz. (about 100 grm.), add 
this, together with any precipitate that may have formed therein^ 
to the principal filtrate. 

2. TrecUment of the SoltUion with fff/dro8uIphu/ric Acid (Separation 291 
of the Arsenic as Tersulphide, and, as the case may be, of all 
the Metals of Groups Y. and YI. in form of Sulphides). 

Transfer the fluid obtained in 1, which amounts to about three or 
four times the quantity of the hydrochloric acid used, to a flask, heat 
this on the water-bath to 158^ Fah., and transmit through it, for about 
12 hours, a slow stream of washed hydrosulphuric acid gas, then 
let the mixture cool, continuing the transmission of the gas all the while ; 
rinse the delivery pipe with some ammonia, add the ammoniated solution 
thus obtained, after acidifying, to the principal fluid, cover the flask lightly 
with unsized paper, and put it in a moderately warm place (about 86^ 
Fah.) until the odor of hydrosulphuric acid has nearly disappeared. 
Collect the precipitate obtained in this manner on a moderately sized 
filter, and wash until the washings are quite free from chlorine. Con- 
centrate the filtrate and washings somewhat, mix the fluid in a proper- 
sized flask with ammonia to alkaline reaction, then with sulphide of am- 
monium, closely cork the flask, which must now be nearly full, and 
reserve for further examination according to the instructions of 

(307). 

3. Furification of the FredpitcUe proditeed hy Hydrosulphv/ric 292 

Acid, 

Thoroughly dry the precipitate obtained in 2 — which, besides 
organic matters and free sulphur, must contain, in form of tersulphide, 
the whole of the arsenic present in the analyzed substance, as well as, in 
form of sulphides, all the metals of Groups Y. and YI. which may happen 
to be present — together with the filter, in a small porcelain dish, heated 
on the water-bath ; add pure fuming nitric acid (perfectly free from 
chlorine), drop by drop, until the mass is completely moistened, then 
evaporate on the water-bath to dryness. Moisten the residue uniformly 
all over with pure concentrated sulphuric acid, previously warmed ; then, 
heat for two or three hours on the water-bath, and finally on the air- 
sand- or oil-bath at a somewhat higher, though still moderate temperature 
(338*^ Fah.), until the charred mass becomes friable, and a small sample of 
it — to be returned afterwards to the mass — when mixed with water and 
then allowed to subside, gives a colorless fluid ; should the fluid standing 
over the sediment show a brownish tint, or the residue, instead of being 
friable, consist of a brown oily liquid, add to the mass some cuttings of 
pure Swedish filter iug-paper, and continue the application of heat. By 
attending to these rules you will always completely attain the object in 
view, I viz., the destruction of the organic substances, without loss of any 
of the metals. Warm the residue on the water-bath with a mixture of 
8 parts of water and 1 part of hydrochloric acid| filter, wash the undid- 
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solved part thoroughly with hot, distilled water, with addition of a little 
hydrochloric acid, and add the washings, which must be concentrated if 
necessary, to the filtrate. 

Dry the washed carbonaceous residue, then mark it II., and re- 
senre for further examination according to the instructions given 
in (304). 

4. Pbeliminary Examination for Arsenic and other Metallic 293 
Poisons of Groups Y. and YI. (Second Precipitation with 
Hydrosulphuric Acid.) 

The clear and colorless or, at the most, somewhat yellowish fluid ob- 
tained in 3 contains all the arsenic which may have been present, in form 
of arsenious acid, and may contain also tin, antimony, mercury, copper, 
bismuth, and cadmium. Supersaturate a small portion of it cautiously 
and gradually with a mixture of carbonate of ammonia and some am- 
monia, and observe whether a precipitate is produced. Acidify the 
supersaturated sample of the fluid with hydrochloric acid, which will 
redissolve the precipitate that may have been produced by ammonia ; 
then return the sample to the fluid, and treat the latter with hydro-, 
sulphuric acid in strict accordance with the directions of (291)* 

This process may lead to three diflerent results, which are to be 
carefully distinguished. 

a. The hydrosulphuric cKsid faUs to produce a precipitate ; 294 
but subsequently, after the fluid treated as directed in (291) 
has stood for some time, a trifling white or yellowish-white 
precipitate separates. In this case probably no metals of Groups 
Y. and YI. are present. Nevertheless, treat the filtered and 
washed precipitate as directed in (297)9 ^ guard against 
overlooking even the minutest traces of arsenic, d^c. 

6. A precipitcUe is formed, of a pure yellow color like that 295 
of tersulphide of arsenic. Take a small portion of the fluid, 
together with the precipitate suspended therein, add some 
ammonia, and shake the mixture for some time, without appli- 
cation of heat. If the precipitate dissolves readily and, with 
the exception of a trace of sulphur, completely, and if, in the 
preliminary examination (293)f carbonate of ammonia has 
failed to produce a precipitate, arsenic alone is present, and 
no other metal (at all events, no quantity worth mentioning 
— tin or antimony). Mix the solution of the small sample in 
ammonia with hydrochloric acid to acid reaction, return the acidu- 
lated sample to the fluid from which it was taken, and which con- 
tains the yellow precipitate produced by the hydrosulphuric acid, 
and proceed as directed in (297)* lfi on the other hand, the addition 
of ammonia to the sample completely or partially fails to redissolve 
the precipitate, or if, in the preliminary examination (293)> cai*- 
bonate of ammonia has produced a precipitate, there is reason to 
suppose that another metal is present, perhaps with arsenic. In this 
latter case also, add to the sample in the test-tube hydrochloric 
acid to acid reaction, return the acidulated sample to the fluid 
from which it was taken, and which contains the yellow precipi- 
tate produced by the hydrosulphuric acid, and proceed as directed 
in (298). 
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(J. A precipitcUe is formed qfanotJier color. In that case you 
' have to assume that other metals are present, perhaps with 296 
arsenic. Proceed as directed in (298)* 

5. TrecUmerU ofth^ Yellaw PredpUaU prodtused by Eychosulphuric 297 
Acid, in Cases where the Eesidte of the Examination in (295) 

lead to the Asswmption that Arsenic alone is present. Determina- 
tion of the Weight of the Arsenic. 

As soon as the fluid precipitated according to the directions of (293) 
has nearly lost the smell of sulphuretted hydrog^i, transfer the yellow 
precipitate to a small filter, wa^h thoroughly, pour upon the still moi^t 
precipitate solution of ammonia, and wash the Alter — on which, in this 
case, nothing must remain undissolved, except some sulphur— thoroughly* 
with dilute ammonia ; evaporate the ammonical fluid in a small ac- 
curately tared porcelain dish, on the water-bath, dry the residue at 212* 
Fah. until its weight suffers no further diminution, and weigL If it 
is found, upon reduction, that the residue consisted of perfectly pur« 
tersulphide of araenic, calculate for every part of it 0*8049 of arsenious 
acid, or 0*6098 of arsenic. Treat the residue in the dish according to 
the instructions given in (300)* 

6. Treatment of the Yellow PrecipitcUe produced by Hydrosvlphmric 
Acidf in Cases where the Residts of tlie Examination in (295)) 

or in (296) l^*^ ^ ^ Assumption that another Metal is present — 298 
perhaps with Arsenic Separation of the Metals from each 
other. Determinatioa of the Weight of the Arsenic 

If you have reason to suppose that the fluid precipitate by hydrosul- 
phuric acid (293y<^on tains other metals, perhaps with arsenic, proceed as 
follows :•— As soon as the preci{ntation is thoroughly accomplished, and 
the smell of sulphuretted hydrogen has neaiiy gone off, transfer the 
precipitate to a small Alter, wash thoroughly, perforate the point of the 
Alter, and rinse the contents with the washing-bottle into a small flask, 
using the least possible quantity of water for the purpose ; add to the 
fluid in which the precipitate is now suspended, first ammonia, then some 
yellowish sulphide of ammonium, and let the mixture digest for some 
time at a gentle heat. S'hould part of the precipitate remain undis- 
solved, filter this off, wash, perforate the filter, rinse off the residuary 
precipitate, mark it III., and reserve for further examination according 
to the instructions given in (305)- Evaporate the filtrate, together 
with the washings, in a small porcelain dish, to di^yness. Treat the 
residue with some pure fuming nitric acid (free from chlorine), nearly 
drive off the acid by evaporation, then add, as C. Meyer was the first to 
recommend, gradually and in small portions at a time, a solution of pure 
carbonate of soda until it predominates. Add now a mixture of 1 part 
of carbonate and 2 parts of nitrate of soda in sufliicient, yet not excessiv% 
quantity, evaporate to dryness, and heat the residue very gradu* 
ally to fusion. Let the fused mass cool, and, when cold, extract it 
with cold water. If a residue remains undissolved, fitter, wash with 299 
a mixture of equal parts of spirit of wine and water, maii: it lY., 
and reserve for further examiuation, according to the directions of 
(306)* ^^^ ^^® solutiou, which must contain aU the arsenic as arsenate 
of soda, with the washings, previously freed from alcohol by evaporation, 
add gradually amd cautiously pure dilute sulphuric acid to. strongly acid 
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Tpaction, crraporate in a tnudl poroelain diah, and, wben the flnid is 
Bti-ungij' ooDceutnted, sdd again sulphuric acid, to aee whether the 
qiiaucity first added has been sufficient to expel all uitrio acid and 
nitrona acid ; heat now veiy eautionsly until heavy fuma» of hydrated 
siil)>liurie add b^^ to escape ; then let tiie liquid cool, and, when cold, 
add water, transfer the etdutiou tu a small fla<k, heat to 15S° F., and 
oonduot into it, for at least 6 hours, a slow stream of washed hjdro- 
Bulphuri« acid gas. Let the mixture finally cool, continaing the tranamiit- 
rioDoftbegaaallthe while. If arsenic ia present, a yellow precipitate will 
{orm. When the precipitate has completely aubsided, and tb« fluid has 
nearly lost the Rmell of aniphuretted hydrogen, fitter, wash the precipi- 
tate, diasolTe it in ammonia, and proceed with the sc^Htion «a directed 
■Q (297)> to deCermine the weight of the arsenic 

7. RedueUon t^tke Sulphide (jfArsenie. 

The pntduetion of metallic arsenic from the snlpbide, which may 300 
be r^arded as the keystone of the whole process, demaoda the 
greatest care and attention. The method recommended in § 132, 
12, Tiz., to fuse the araenical compound, mixed with cyanide of potassiunk 
and carbonate of soda, in a alow stream of carbonic acid gas, is the besb 
and Bafeel, affording, besides the advantage of great accuracy, also a 
positiTe guarantee against the chance of confounding the arsenic with any 
other body, more partionlarty antimony ; on which account it ia more 
especially adopted for medico-legal inveatigaUnns. 

Take care to have the whole appa- 
ratus filled with carbonic acid, and 
to give the proper degree of force to 
the gaseona stream, before applying 
heat. It is advisable to substitute 
for the evolation flask in Fig. 31 
(§ 132, 12), a fiask which wiU allow 
the operator to r^ilate the current 
of gaa. The arrangement shown in 
Fig. 35, which ia a matter f4 easy 
coutriTanc^ will fully answer tlie 
purpose. CiMutcbouc stoppers should 
be used ; the compi'eaaion stopcock 
is tiirniahed with an adjuating 
screv. 

As regardn the process of redno* 
tion, either prooeed at once wilh the 
sulphide of arsenic, or previooaly 
convert the latter into arsenic acid 
(see 301)- In the furmer case take 
care, if possible, not to use the 
whole of the residue in the diah, 

obtained by the evaporation of the jj^ 35 

ammoniacal solutioa, but use only a 
portion of it, so that the process may 

be repeated several times if necessary. Should the residue be too trifling 
to admit of being divided into several portions, disi^otve it in a few drops 
of ammonia, add a little carbonate of soda, and evaporate on the water- 
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bath to drjness, taking care to stir the mixture during the process ; 
divide the dry mass into several portions, and proceed to re- 
duction. 

Otto* recommends to convert the sulphide first into arsenic acid, 301 
then to reduce the latter with cyanide of potassium. The follow- 
ing is the process given by him to effect the conversion : Pour 
concentrated nitric acid over the sulphide of arsenic in the dish, 
evaporate, and repeat the same operation several times if necessary, 
then remove every trace of nitric acid by repeatedly moistening 
the residue with water, and drying again; when the nitric acid 
is completdy expelled, treat the residue with a few drops of water, 
add carbonate of soda in powder, to form an alkaline mass, and 
thoroughly dry this in the dish, with frequent stirring, taking care to 
collect the mass within the least possible space in the middle of the 
disk The dry mass thus obtained is admirably adapted for reduc- 
tion. I can, from the results of my own experience, fully confirm 
this statement of Otto ; but I must once more repeat that it is indis- 
pensable for the success of the operation that the residue should be per- 
fectly free from every trace of nitric acid or nitrate, since otherwise de- 
flagration is sure to take place during the process of fusion with cyanide 
of potassium, and, of course, the experiment will fetil. 

When the operation is finished, cut off the reduction-tube at c 302 
(see Fig. 36), set aside the fore part, which contains the arsenical 
mirror, put the other part of the tube into a cylinder, pour water 
over it, and let it stand some time ; then filter the solution obtained, add 




Fig. 36. 

to the filtrate hydrochloric acid to acid reaction ; then conduct some 
hydrosulphurio acid into it, and observe whether this produces a preci- 
pitate. In cases where the reduction of the sulphide of arsenic has been 
effected in the direct way, without previous conversion to arsenic acid, a 
trifling yellow precipitate will usually form ; had traces of antimony 
been present, the precipitate would be orange-colored and insoluble in car- 
bonate of ammonia. After all the soluble salts of the fused mass have 
been dissolved out, examine the metallic residue which may be left, for 
traces of tin and antimony ; these being the only metals that can possibly 
be present if the iDstructions here given have been strictly followed. 
Should cbppreciable traces of these metals, or either of them, be found, 
proper allowance must be made for this in calculating the weight of the 
arsenic. * 

8. Examination of the reserved Residues, marked severally I., II., III., 
and IV.f/or other Metals of the Fifth a/nd Sixth Grroupe, 

a. Residue I, Compare (290)- 303 

This may contain more particularly chloride of silver and 
sulphivte of lead, possibly also binoxide of tin. Incinerate the 

* " Anleitung zur Ausmittelung der Gifte," von Dr. Fr. Jul. Otto, p. 36. 
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residue (I.) in a porcelain dish, burn the carbon with the aid of 
some nitrate of Binmonia, extract the reeidiie with wafcer, dry the 
part left undissolved, then faae it with cyanide of potassium in a 
porcdain crucible. When the fused mass is cold, treat it with 
water until all that is soluble in it is completely removed ; warm 
the residue with nitric acid, and proceed as directed in 
§131. 
b. Jiesidue IL Compare (292)* 304 

The carbonaceous residue which is obtained in the purifica- 
tion of the crude sulphide by means of nitric acid and aul'- 
phuric acid, may more particularly contain lead, mercury, and tin ; 
antimony and bismuth may also be present. 

Heat the residue for some time with nitrohydrochloric acid, and 
filter the solution ; wash the undissolved residue with water, at first 
mixed with some hydrochloric acid, add the washings to the filtrate, 
and treat the dilute fluid thus obtained with hydrosulphuric acid. 
Should a precipitate form, examine this according to the instructions 
given in § 191. Incinerate the residue insoluble in nitrohydro- 
chloric acid, fuse the ash in conjunction with cyanide of potas- 
sium, and proceed with the fused mass as directed in (303)* 
& Eeddue III. Compare (298)* 305 

£xamine the precipitate insoluble in sulphide of ammonium 
for the metals of the fifth group according to the instructions 
given in § 193. 
d. ReddmlV, Compare (299). 306 

This may contain tin and antimony, perhaps also copper. 
Proceed as directed (123)- If the color of the residue was 
black (oxide of copper), treat the reduced metals according to the 
instructions given in § 181. 

9. Eooammaiion ofthefiUraie reserved m {2Si])9for Metals of the Fwirth 
<md Third Gnywpe^ especially for Zmc and Chromium. 

a. As we have seen in (291)i the fluid filtered from the precipi- 307 
tate produced by hydrosulphuric acid, and temporarily re- 
served for further examination, has already been mixed with 
sulphide of ammonium. The addition of this reagent to the filtrate 
is usually attended with the formation of a precipitate consisting of 
sulphide of iron and phosphate of lime, but which may possibly also 
contain sulphide of zinc. Filter the fluid from this precipitate, and 
treat the filtrate as directed in (3s8) i wash the precipitate with 
water mixed with some sulphide of ammonium, dissolve by warmiag 
with hydrochloric acid, and boil the solution with nitric acid, to 
convert the protoxide of iron into sesquioxide ; add, if necessary 
sufficient sesquichloride of iron for carbonate of soda to produce a 
brownish-yellow precipitate in a sample of the fluid; neutralize 
almost completely with carbonate of soda, precipitate with carbouate 
of baryta, and filter ; the precipitate contains idl the sesquioxide of 
iron and all the phosphoric acid. Concentrate the filtrate^ precipitate 
the baryta with dilute sulphuric acid, filter, add to the filtrate am* 
monia to alkaline reaction, and precipitate with sulphide of ammo- 
nium the zinc which may be present. For the further examination 
of the precipitate see § 106. 

I. V 
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6. The fluid filtered from the precipitate produced by sulphide 

of ammonium (307) ^^ usually contain all the chromium 308 
that may be present, as sulphide of ammonium fails to preci- 
pitate sesquiozide of chromium from solutions containing or- 
ganic matters. If you wish to ascertain whether chromium is really 
present, evaporate tjie filtrate to dryness, ignite, mix the fixed residue 
with 3 parts of nitrate of potassa and 1 part of carbonate of soda, 
and project the mixture into a crucible heated to moderate red- 
ness, Allow tbe fused mass to cool, and, when cold, boil with 
water : yellow coloration of the fluid shows the presence of alkaline 
chromate, and accordingly of chromium. For confirmatory tests 
see § 138. 

IL Method fob the Detection of Hydbootanic Acid. 

§ 226. 

In cases of actual or suspected poisoning with hydrocyanic acid, 309 
where it is required to separate that acid from articles of food or 
from the contents of the stomach, and thus to prove its presence, it 
is highly necessary to act with the greatest expedition, as the hydro- 
cyanic acid speedily undergoes decomposition. Still this decomposition 
is not quite so rapid as is generally supposed, and indeed it requires some 
time before the complete decomposition of the whole of the acid present is 
effected.* 

Although hydrocyanic acid betrays its presence, even in minute quan- 
tities, by its peculiar odor, still this sign must never be looked upon as 
conclusive. On the contrary, to adduce positive proof of the presence of 
the acid, it is always indispensable to separate it, and to convert it into 
certain known compounds. ^ 

The method of accomplishing this, which I am about to describe, is 
based upon distillation of the acidified mass, and examination of the dis- 
tillate for hydrocyanic acid. Now, as the non-poisonous salts, ferro- and 
ferricjranide of potassium give by distillation likewise a product contain- 
ing hydrocyanic acid, it is, of course, indispensable — as Otto very 
properly observes — first to ascertain whether one of these salts may 
not be present. To this end, stir a small portion of the mass to be 
examined with water, filter, acidify the filtrate with hydrochloric acid, 
and test a portion of it with sesquichloride of iron, another with sulphate 
of protoxide of iron. If no blue precipitate or coloration forms in either, 
soluble ferro- and ferricyanides are not present, and you may 
safely proceed as follows : 

Test, in the first place, the reaction of the mass under examina- 310 
tion ; if necessary, after mixing and stirring it with water. If it is 
not already strongly acid, add solution of taiiyaric acid until the 
fluid strongly reddens litmus-paper ; introduce the mixture into a retort, 
and place the body of the retort, with the neck pointing upwards, in an 
iron or copper vessel, but so that it does not touch the bottom, which 

* Thus I succeeded in separating a notable quantity of hydrocyanic acid from the 
stomach of a man who had poisoned himself with that acid in very hot weather, and 
whose intestines were handed to me full 36 hours after death. — ^A dog was poisoned 
with hydrocyanic acid, snd the contents of the stomach, mixed with the blood, were 
left for 24 hours exposed to an intense summer heat, and then ezamined : the acid was 
■till detected. 
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should, moreover, by way of precaution, be covered with a cloth ; fill the 
vessel with a solutiou of chloride of calcium, and apply heat, so as to 
cause gentle ebullition of the contents of the retort. Conduct the vapors 
passing over, with the aid of a tight-fittiqg tube, bent at a very obtuse 
angle, through a Liehi^a condensing apparatus, and receive the distillate 
in a small weighed fla^k. When about half-an-ounce of distillate has 
passed over, remove the receiver, and replace it by a somewhat larger 
flask, also previously tared. Weigh the contents of the first receiver 
now, and proceed as follows : 

a. Mix one-fourth of the distillate with solution of potassa 311 
or soda to strongly alkaline reaction, then add a small quantity 
of solution of sulphate of protoxide of iron, mixed with a 
little sesquichloride of iron ; digest a few minutes at a vexy gentle 
heat, and supersaturate finally with hydrochloric acid. If a blue 
precipitate forms, this shows the distillate to contain a relatively 
lai^e, if a blue-greenish fluid is obtained, from which blue flakes 
separate afber long standing, a relatively small, quantity of 
hydrocyanic acid. 

h. Treat another fourth as directed § 155, 7, to convert the 312 
hydrocyanic acid into sulphocyanide of iron. As the distillate 
might, however, contain acetic acid, do not neglect to add towards 
the end of the process a little more hydrochloric acid, in order 
to neutralize the adverse influence of the acetate of ammonia. 

c If the experiments a and h have demonstrated the pre- 313 
sence of hydrocyanic acid, and you wish now also to approxi- 
mately determine its quantity, continue the distillation until 
the fluid passing over contains no longer the least trace of hydro- 
cyanic acid j add one-half of the contents of the second receiver to 
the remaining half of the contents of the first, mix the fluid with 
nitarate of silver, then with ammonia until it predominates, and 
finally with nitric acid to strongly acid reaction. Allow the pre- 
cipitate which forms to subside, filter on a tared filter, dried at 
212® Fah., wash the precipitate, dry it thoroughly at 212° Fah., 
and weigh. Ignite the weighed precipitate in a small porcelain 
crucible, to destroy the cyanide of silver, fuse the residue with car- 
bonate of soda and potassa — ^to eflect the decomposition of the 
chloride of silver which it may contain — boil the mass with water, 
filter, acidify the filtrate with nitric acid, and precipitate with 
nitrate of silver ; determine the weight of the chloride of silver 
which may precipitate, and deduct the amount found from the total 
weight of the chloride and cyanide of silver : the diflerence gives 
the quantity of the latter ; by multiplying the quantity found of 
the cyanide of silver by 0*2017, you find the corresponding amount 
of anhydrous hydrocyanic acid ; and by multiplying this again by 
2 — as only one-half of the distillate has been used — you find the 
total quantity of hydrocyanic acid which was present in the ex- 
amined mass. Instead of decomposing the fused silver precipitate 
by fusion with carbonate of soda and potassa, it may be reduced 
also by means of zinc, with addition of dilute sulphuric acid| 
and the chlorine determined in the filtrat& 

Instead of pursuing this indirect method, yon may also 314 
determine the quantity of the hydrocyanic acid by the fol- 
lowing direct method : introduce half of the distillate into a 

u2 
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retort, together with powdered borax ; distil to a nnall residue^ 
and determine the hydrocyanic acid in the distillate as cyanide 
of silver. Hydrochlorio acid tsan no loi»ger be present in this 
«U8tillate, as the soda of the borax retains it in the retort 
{Wixokenrodkr.) 

III. MSTHOB TOB THE DEfFBCTmir OV FfiOBFHOKOB. 

§ 227. 

Since phosphoms paste has been employed to poison mice, &c,^ 315 
and the poisonous action of lucifer matches has become more ex- 
tensively known, phosphorus has not unfrequently been resorted 
to as an agent for committing murder. The chemist is therefore occa- 
sionally called upon to examine some article of food, or the contents of 
a stomach, for this substance. It is obvious that, in cases of the kind, 
his whole attention must be directed to the separation of the phosphorus 
in the free state, or to the production of such reactions as will enable 
him to infer the presence of /ree phosphorvs; since the mere finding of 
phosphorus in form of phosphates would prove nothing, as phosphates 
. invariably form constituents of animal and vegetable bodies. 

A. Detection of Unoondized Phosphorus, 

1. Ascertain in the first place whether the substance under ex- 316 
amination does not betray the presenoe of ];^o6phorus to the Bense 

of smell, by the peculiar odor of that element, or to the sense of 
sight, by luminosity in the dark. To this end take care to increase the 
contact of the phosphorus in the substance with the air, by rab- 
bing, stirring, and shaking. 

2. Put a little of the substance into a flask, fasten to the loosely 317 
inserted cork a strip of filtering-paper moistened with neutral 
solution of nitrate of silver, and heat to from 86° to 104° Fah. If 

the paper does not turn black, not even after some time, no unoxidized 
phosphorus is present, and there is consequently no need to try 3 and 4, 
but the operator may at once pass on to B (324)* If» on the other hand, 
the paper strip turns black, this is no positive proof of the presence of 
xiuoxidized phosphorus, as hydrosulphuric acid, formic acid, putrifying 
matters, &o., will also cause blackening of the paper. Treat therefore 
the principal mass of the substance now by the methods 3 and 4. (To 
ascertain whether the blackening proceeds from the presence of hydro- 
sulphuric acid, try the reaction with a strip of paper moistened with 
solution of lead or with terchloride of antimony.)^T. Schereil — Annal 
d. Chem. u. Pbarm., 112, 214. 

3. As the luminosity of phosphorus is always one of the most 
striking proofs of the presence of that element in the unoxidized 318 
state, examine a larger portion of the substance by the following 
excellent and approved method, recommended by E. Mitscherlicbl* 

Mix the 8u)]^tance under examination with water and some sulphuric 
acid, and subject the mixture to distillation in a flask, A (see Fig. 37). 
This flask is connected with an evolution tube, b, and the latter again 
with a glass cooling or condensing tube, c c c, which passes through the 

 ** Journal fur prakt. Chemie," vol 66^ p. 238. 
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bottom of & eyliiuler, S, in whiah it is bstencd by meana of  cotk, a, 
and opens into a glass Tcaiel, CL Gold vater is niada to ran fvam D 
thnnigli a gtopoock, into a funael, t^ tka lower end of vhicit RBtB Bpoa 
the bottom of B ; (^ cooling water flows off tkroogh jf. 



rigr. ZT. 

Now, if tKe Bubstaooe in A oont&ioa phoephoras, there will appear, is 
the dark, in the refrigerated part of the candeoBing tube at the point r. 
where the atjaeoue vapcn^ distilling over enter that part of the tube, a 
Rtrong luminosity, UHually n luminous riog. If you take for distillation 
5 OK. of a mixture- eoatainiog only ^th of a grain of phosphtm^w, and 
accordingly only 1 part of pho^horua in lOO^OOO parts of njixtuce, you 
may diatil o'ver 3 oz. of it — which will take at leoat half-an-hour--- 
without the luminosity ceasing ; Mitschbbugb, in one of hia experi- 
meitbi, stopped tba distollatioa aJler balf-an-boui:, allowed the flask to 
stand uncorked a fortnighCr BJid then recommenced the distillatioa. ; tha 
Inminoaity waa as strong as at first.. 

If the fluid contains substances whieh prevent the laminosity <^ phoa- 
phoma in general, such aa ether, ttleiAal,, or ml of turpentine, no lumi- 
nosity is obaerved so long as these substances continue to distil orer. 
In the case of ether and alooliol, however, this is soon eflected, and the 
lomiDoaity acooidiugi(jr verf speodily makes ita appearance ; but it is 
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different with o3 of turpentine, whicli exercises a lasting preventive' 
influence upon the manifestation of this reaction. 

After the termination of the process, globules of phosphorus 319 
are found at the bottom of the receiver, C. Mitscherlich ob- 
tained from 5 oz. of a mixture containing ^ grain of phosphorus^ 
so many globules of that body, that the one-tenth part of them would 
have been amply sufficient to demonstrate its presence. In medico-legal 
investigations these globules should first be washed with alcohol, then 
weighed. A portion may afterwards be subjected to a confirmatory 
examination, to make quite sure that they really consist of phosphorus : 
the remainder, together with a portion of the fluid which shows the 
luminosity upon distillation, shocdd be sent in with the report. 

The operation should be conducted in a dark place, best in the evening. 
Where it is performed in the day-time, care should be taken to close all 
avenues to the entrance of light, as, where this is not eflectively done, 
the rays of light entering through some chink or crevice may chance to 
be reflected by the sides of the glass vessel or by the fluids in motion, 
and thus lead to deception. It is advisable to pass the evolution tube 
at by through the aperture of a screen, to guard eflectively against 
deceptive reflection of light. These precautionary measures are of 
course necessary only where very minute traces of phosphorus are to 
be detected. 

The residue left in the flask is then examined for phosphorous acid as 
directed in (324)* The distillate also may be further examined in the 
same way, to confirm the presence of phosphorus, or to show the pre- 
sence of phosphorous acid formed by the oxidation of phosphorus 
fumes. 

4. Put another portion of the substance to be examined, with 320 
addition of water if necessary, into a glass flask, with double per- 
forated cork, add dilute sulphuric acid to acid reaction, conduct 
washed carbonic acid gas (evolved most conveniently from the evolution 
flask shown in fig. 35), in a slow stream, into the flask, through a glass 
tube reaching nearly to the bottom, and let the gas issuing from 
another glass tube, inserted into the other perforation of the cork^ pass 
through one or two U-shaped tubes confining a neutral solution of 
nitrate of silver. When the flask is filled with carbonic acid gas, heat 
it gently on the water-bath. Continue the operation for several hours. 
If free phosphorus is present, it will volatilize unoxidized in the carbonic 
acid stream, then pass into the silver solution, where it will be partly 
converted into black phosphide of silver, partly into phosphoric acid. 
If no precipitate forms, you may safely conclude that no unoxidized 
phosphorus is present, whilst, on the other hand, the formation of a 
precipitate is not sufficient proof of the presence of unoxidized phos- 
phorus, as the precipitate may owe its formation to volatile 
reducing agents or to hydrosulphuric acid. 

If a PRECIPITATE has formed, filter through a filter well washed 321 
with dilute nitric acid and water. The presence of phosphide of 
silver in it may be shown by Blondlot's improved modification 
of Dussard's method,* substituting, however, for the apparatus used 
by Blondlot, the one shown in the illustration (Fig. 38), which may be 
easily constructed. 

* Zeitschrift fur Anal. Chem. I. 129, 
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a. is the li^drogen-eToIutlon flask, b contains jaeces of pumioe-atoae 
moistened with concentrated eolutioa of potaasa, c ia a common, d a 
screwed compression stopcock, e a platinum tip, which, ia kept cool hy 
tying moistened cotton round it. This platinum tip is indispensable to 
the production of a colorUsa hydrogen flame, as th« soda in the glasa 
will alwajrs color the flame yellow. 



Fig. 38. 

To ascert<dn whether the zinc and sulphuric acid will give a gas qnite 
tree from sulphuretted hydrogen, let the eTolution go on a short time, 
then close c until the fluid has ascended &om a to ^ Close d, open 
e, and regulate d by means of the screws so as to obtain a suitable flams. 
If the flame, viewed in a dark place, ia colorless, ahowing no trace of a 
green cone in the centre, and no emerald-green coloration if directed 
Dpon a piece of porcelain, in a similar way as in Marsh's experiment, 
the hydrogen gas may be considered pure. It ia advisable to repeat the 
experiment. Rinse the precipitate under examination with water into 
/, take care that every particle of it reaches a, then repeat the esperi- 
ment with the gas evolved and issuing through the platinum tip. If 
the examined precipitate contains even a minute trace of phosphide of 
silver, the green cone in the centre of the flame and the emerald- 
green' coloration will now become distinctly visible. 

Remove the excess of silver from the solution filtered from the 322 
silver precipitate by means of hydrochloric acid, pass throagh a 
filter well washed with aoid and water, concentrate strongly in a 
poroelun dish, and test for phosphoric acid with solution of molybdate 
of ammonia in nitric acid, or with a mixture of aulphato of magnesia, 
chloride of ammonium, and ammonia (Neubaceb and Fbebenius, Zeit- 
•ohriffc fur Analyt Chem. I., No. 3, p. 336). 

W« (Nedbadkb and FaESKmus) obtained by the application of this 
method the olcareet evidence of the preeenoe of phosphorus in a larga 
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quantity of putrid blood mixed with tbe composition scraped from the 
tip of a common Incifer match ; and this even in presence of substances 
which preTent the luminosity of the phosphorus in experiments i 
made by Mitschxruoh's method. ^ 

5. If there is sufficient phosphorus present to permit a quantii 323 
tative determination, this may be effected most conTenientl]!| 
by Schereb's modification of Mitscherlich's method, viz., by 
distilling the mass, acidified with sulphuric acid, in an atmosphere of 
carbonic acid. I would suggest, with respect to this, to have the dis- 
tilling flask furnished with a double perforated cork, and to transmit 
pure carbonic acid gas until the apparatus is filled with it, then to shut 
off the carbonic acid stream. A flask with double perforated cork serves 
for receiver ; the mouth of the condensing tube passes into one of the 
openings ; into the other is inserted a bent glass-tube, which leads inta a 
U-shaped tube containing a solution of pure nitrate of silver. 

When the distillation is over, minute globules of phosphorus are found 
in the receiver. A moderate stream of carbonic acid is now once more 
transmitted through the apparatus, and a gentle heat applied^ with a 
view to effeet the formation of larger globules by aggr^ation. These 
are then washed and weighed the same as in Mitschskuch's method. 
The fluid poured off the phosphorus globules is luminous in the dark 
when shaken. It requires, however, a larger proportion of phosphorus 
to obtain distinct luminosity in this way than is the case with Mix- 
scheruch's method. The phosphorus in the fluid may» after oxidation 
by nitric acid or chlorine, be det^mined as phosphorie acid. However, 
the result is reliable only if the operation has been condneted with the 
requisite care and caution to guai^ against portions of the boiling fluid, 
which often contains phosphoric acid, spirting out of the vessel, and being 
thus lost. To obtain the remainder of the phosphorus originally present 
in the examined substance, treat the contents of the XT-shaped tube 
finally with nitric acid, throw down the silver by hydrochloric acid, filter 
through a washed filter, concentrate in a poiv5elain dish, and precipitate 
the phosphoric acid as phosphate of magnesia and ammonia, finally weigh 
it as pyrophosphate of magnesia. 

B, Detection of Fhoaphoroua Acid, 

Should all attempts to show the presence of unoxidized phos-^ 324 
phorus fail, try whether it may not be practicable to find the first 
product of the oxidation of phosphorus in the air, i.e., phosphorous 
acid. For this purpose transfer the residue left in the distilling flask in 
(318) or in (323)> or the residue left in (320), to the apparatus illus- 
trated by Fig. 38, having previously tested the purity of the zinc and 
sulphuric add, as directed (321)> then proceed according to the instmo* 
tion of (321)) and observe whether the coloration of the hydrogen flame 
reveals the presence of phosphorus. Should this be the case, the end in 
view is attained ; if not, the presence of organic substances may be the 
preventive cause. If, therefore, the flame remains uncolored, shut the 
compression stopcock at once, connect with the apparatus a Unihaped 
tube containing a solution of' neutral nitrate of silver, opea the eook 
again, and let the gas pass for many hours, in a slow stream, through the 
silver solution. The formation of a precipitate in the silver solution 
shows the presence of phosphorous acid. Examine the precipitate of 
phosphide of silver as directed in (321)« 
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3. BxamincUian of the Inorganic Gonstitttenta of PhaUa^ AnitiMdif^ or Part$. 
i^ihe same, of MofivwreSy dee, {Ancdym qfAahM.) 

A. Pbbpabatiok or thb Ash. 

It is suffioient for the purposes of a qualitative analysis to inci- 325 
nerate a comparatively small quantity of the substance which it is 
intended to examine for its inorganic constituents ; the substance 
must previously be most carefully cleaned. The incineration is effected 
best in a small clay muffle, but it may be conducted also in a Hessiaa 
crucible placed in a slanting position^ or, undw certain circumstances^ 
even in a small porcelain or platinum dish, with the aid of a wide glass- 
tube or lamp-glass, to increase the draught. The heat must always 
be moderate, to guard against the volatilization of certain constituents, 
more especially of metallic chlorides. It is not always necessary to 
continue the combustion until all the carbon is consumed. With ashes 
containing a large proportion of fusible salts, as, e. g, the ash of beetroot 
molasses, it is even advisable to effect, in the first place, complete car- 
bonization, then to boil the charred mass with water, and finally to 
incinerate the washed and dried residue. For further particulars see 
QuaaUiUUive Analysis, 3rd Edition, § 250. 

B. Examination of thb Ash. 

As the qualitative analysis of the ash of a vegetable substance 326 
is generally undertaken, either as a practical exercise, or for the 
purpose of determining its general character, and the state or 
condition in which any given constituent may happen to be present, or 
also with a view to make, as far as practicable, an approximate esti- 
mation of the respective quantities of the several constituents, it is 
usually the best way to examine separately, (1) the part soluble in 
water, (2) the part soluble in hydrochloric acid, and (3) the residue 
which is insoluble in either menstruum. This can be done the more 
readily, as the number of bodies to which regard must be had in the 
analysis is only small, and the several processes may accordingly be expe- 
ditiously perfprmed. 

a. JSoSamination of the Pa/rt soluble in Water. 

BoiLthe ash with water, filter, and whilst the residue is being 
washed, examine the solution as follows : — 

1. Add to a portion, after heating it, hydiochloric acid in excess, 327 
warm, and let the fluid stand at rest Effervescence indicates car- 
bonic ACID combined with alkalies ; smell of hydrosulphuric acid 
indicates the sulphide of au aIiKALI metal, formed from an alkaline 
sulphate by the reducing action of the carbon. Turbidity from sepa- 
ration of sulphur, with smell of sulphurous acid, denotes a htposulphits 
(which occurs occasionally in the ash of pit-coal). Filter if necessary, 
and add to the filtrate— or to the fluid where no filtration is required — 
some chloride of barium ; the formation of a white precipitate indi- 
cates the presence of sulphuric acid. 

2. Evaporate another portion of the solution until it is reduced 328 
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to a small volame, add hydrochloric acid to acid reaction— efferves- 
cence indicates the presence of cabbonio acid. Evaporate now to 
dr3mes8, and treat the residae with hydrochloric acid and water. The 
portion left undissolved consists of silicic acid. Filter, add ammonia, 
chloride of ammonium, and sulphate of magnesia ; the formation of a 
white precipitate indicates the presence of phosphoric acid. Instead 
of this reaction, you may also mix the fluid filtered from the silicic 
acid with acetate of soda, and then cautiously add, drop by drop, sesqui- 
chloride of iron, or you may test with nitric acid solution of molyb- 
date of ammonia (§ 142). 

3. Add to another portion of the solution nitrate of silver as long 329 
as a precipitate continues to form; warm gently, and then cautiously 

add ammonia ; if a black residue is left, this consists of sulphide 
of silver, proceeding from the sulphide of an alkali metal, or from a 
hyposulphite. Mix the ammoniacal solution now — after previous fil- 
tration if necessary — cautiously with nitric acid in slight excess, to effect 
the solution of the phosphate of silver precipitate formed, leaving thus 
only chloride (iodide,* bromide) op silver undissolved. Filter, and 
examine the precipitate as directed (178) j neutralize the filtrate exactly 
with ammonia. If this produces a bright yellow precipitate, the phos- 
phoric acid found in (328) ^&s present in the tribasic, if a white 
precipitate, it was present in the bibasic form. 

4. Heat a portion of the solution with hydrochloric add, then 330 
make it alkaline with ammonia ; mix the alkaline fluid with oxa- 
late of ammonia, and let it stand at rest. The formation of a 
white precipitate indicates lime. Filter, and mix the filtrate with am- 
monia and phosphate of soda ; the formation of a crystalline precipitate, 
which often becomes visible only after long standing, indicates magnesia. 
Magnesia is often found in distinctly appreciable, lime only in exceed- 
ingly minute quantity, even where alkaline carbonates and phosphates 
are present. 

. 5. For POTASSA and soda examine as directed § 197. If magnesia is 
present, neutralize with hydrochloric acid the portion of the filtrate 
intended to be tested for the alkalies, then remove the magnesia as 
directed § 196, 2, before proceeding to the examination for the 
alkalies. 

6. Lithia, which is much more fi*equently found in ashes than has 
hitherto been believed, and oxide of rubidium, which id almost con- 
stantly present with potassa, may be most readily and conveniently 
detected by spectrum analysis (§ 93) in the residue consisting of the 
alkali salts. 

b. Examination of the Part soluble in Hydrochloric Acid. 

Warm the residue left undissolved by water with hydrochloric 331 
acidt— effervescence indicates carbonic acid, combined with alka- 
line earths ; evolution of chlorine denotes oxides of manganese. 
Evaporate to dryness, and heat a little more strongly, to effect the 

* To detect the iodine in aquatic plants, dip the plant in weiJc solution of potassa 
(Chaim), dry, incinerate, treat with water, and examine the aqueous solution as directed 

(267). 
t If the reeidae still conUint moch oarbon, after further inoineiation. 
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separation of the silicic acid ; moisten the residue with hydrochloric acid 
and some nitric acid, add water, warm, and filter. 

1. Test a portion of the solution with hydrosulphuric acid. If this 
produces any other than a perfectly white precipitate, you must examine 
it in the usual way. The ashes of plants occasionally contain copper ; if 
the plant has been manured with excrements deodorized by nitrate of lead, 
they may contain lead ; other metals are also occasionally found. 

2. Mix a portion of the original solution with carbonate of soda, 332 
as long as the precipitate formed redissolves upon stirring ; then 

add acetate of soda, and some acetic acid. This produces, in most 
cases, a white precipitate of phosphate of sesquioxide of iron. If the 
fluid in which this precipitate is suspended is reddish, there is more 
sesquioxide of iron present than corresponds to the phosphoric acid ; 
if it is colorless, add sesquichloride of iron, drop by drop, until the 
fluid looks reddish. (From the quantity of the precipitate of phos- 
phate of sesquioxide of iron formed, you may estimate the phosphoric 
ACID present.) Heat to boiling,* filter hot, and mix the filtrate, after 
addition of ammonia, with yellowish sulphide of ammonium, in a 
stoppered flask, filled almost to the mouth ; should a precipitate form, 
after long standing, examine this before the blowpipe for manganese and 
ZINC (which latter metal may exceptionally be present) according to the 
direction of (141)) and the fluid filtered from it for lime and magnesia^ 
in the usual way (330)» 

3. To test for baryta and strontia, mix a somewhat larger quantity 
of the hydrochloric acid solution with some dilute sulphuric acid, let the 
mixture stand some time, and, if a precipitate forms, examine this ac- 
cording to the instructions of (254)* 

c EocamimaJtwn of the Residue insoluble in fff/drochlario Acid. 

The residue insoluble in hydrochloric acid contains, 

1. The silicic acid, which has separated on treating with hydro- 333 
chloric acid. 

2. Those ingredients of the ash which are insoluble in hydro- 
chloric acid. These are, in most ashes, sand, clay, carbon; substances, 
therefore, which are present in consequence of defective cleaning or im- 
perfect combustion of the plants, or matter derived from the crucible. 
It is only the ashes of the stalk of cereals and others aboimding 
in silicic acid that are not completely decomposed by hydrochloric 
add. 

Boil the washed residue with solution of carbonate of soda in 334 
excess, filter hot, wash with boiling water, and test for silicic acid 
in the filtrate by evaporation with hydrochloric acid (§ 150, 2). If 
the ash was of a kind to be completely decomposed by hydrochloric add, 
the analysis may be considered as finished — for the accidental admixture 
of clay and sand will rarely interest the analyst sufficiently to warrant a 
more minute examination by fluxing. But if the ash abounded in silicic 
acid, and it may therefore be supposed that the hydrochloric acid has 
fiiiled to effect complete decomposition, evaporate half of the residue in- 
soluble in solution of carbonate of soda with pure solution of soda in ex- 
cess, in a silver or platinum dish, to dryness. This decomposes the sili- 
caies of the ash, whilst but little affecting the sand. Acidify now with 

* If this ^ottld £ul to decolorize the fluid, add some more acetate of soda. 
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liydrochlorio acid, evaporate to diynees, <fec., and proceed as in (^1). 
For the detection of the alkalies use the other half of the residue^ treating 
this according to the instmctions of (228)* 



SECTION III. 

EXPLANATORY NOTES AND ADDITIONS TO THE 
SYSTEMATIC COURSE OF ANALYSIS. 

I. ADDmoNAL Rbhabks to tbe Phbliminabt Examinatxon. 

To §J 175— 178. 

Thb inspection of the physical properties of a bodj may, as already 
stated § 175, in many cases enable the analyst to draw certain general 
inferences as to its nature. Thus, for instance, if the analyst has a 
white substance before him, be may at once conclude that it ia 
not cinnabar, or if a light substance, that it is not a compoojftd d 
kad, dca 

Inferences of this kind are quite admissible to a certaki extent ; but- 
if carried too far, they are apt to mislead the operator^ by blinding 
him to every reaction not exactly in accordance with, his preconceiyed 
notions. 

As regards the examination of substances at a high temperature, 
platinum foil or small iron spoons may also be used in the process ; how- 
ever, the experiment in the glass tube gives, in most cases, results more 
clearly evident, and affords moreover the advantage that volatile bodiea 
are less likely to escape detection, and that a more correct and precise 
notion can be formed of the nature of the heated substance,, than ex-> 
posure on pktinum foil or in an iron spoon will permit. To ascertaLa 
the products of oxjklation of a body,, it is sometimes advisable also to heat 
it in a short ^kss-tube^ open at both ends,, and held in a skntiag posd'- 
tion ; small quantities of a metallic sulphide, for iustanoe^ may be readily 
detected by this means. (Compare § 156, 6.) 

With respect to the preliminary examination by means of tke blow- 
pipe, I have to remark that the student must avoid drawing positlTe 
conclusions from pyrochemical experiments, until he has acquired some 
practice in this branch of analytical chemistry. A slight ioicrustation of 
the charcoal support, which may seem to denote the presence of a certaini 
metal^ is not always a amdusiae proof of the presence of that metal ; 
nor would it be safe to assume the absence of a substance simply because 
the blowpipe flame fails to effect reducticoi, ov solution of nitEwte of 
protoxide of cobalt faUs to impart a color to the ignited mass^ dbo.. The 
blowpipe reactions are^ indeed, in most cases, unerrii^, but it ia not 
always easy to produce them, and they are moreover liaMs to sufi^r 
modification by accidental circumstances. 

The student should never omit the preliminary examination; the 
notion that this omission will save time and trouble is v^y erroneous. 
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II. AdditiokaIi Hemarks to the Solution, ETa, of Substances. 

To§§ 17d— 18L 

It is a task of some difficulty to fix the exact limit between substances 
^ich are soluble in water and those that are insoluble in that men- 
struum, since the number of bodies which are sparingly soluble in water 
is very considerable, and the trandtion from spwringly soluble to in-' 
soluble is very gradual. Sulphate of lime, which is soluble in 430 
parts of water, might perhaps serve as a limit between the two 
classes, since this salt may still be positively detected in aqueous 
solution by the delicate reagents which we possess for lime and sul- 
phuric acid. 

When examining an aqueous fluid by evaporating a few drops of rb 
upon platinum foil, to see whether it holds a solid body in solution, a 
Very minute residue sometimes remains, which leaves the analyst in 
doubt respecting the nature of the substance. In cases of the kini test^ 
in the first place, the reaction of the fluid with litmus-papers ; in the 
second place, add to a portion of it a drop of solution of chloride of 
l)arium ; and lastly, to another portion some carbonate of soda. Should 
the fluid be neutral, and remain unaltered upon the addition of these 
reagents, the analjrst need not, as a general rule, examine it any further 
for bases or acids ; since if the fluid contained any of those bases or acids 
which principally form sparingly soluble compounds, the chloride of 
barium and the carbouate of soda would have revealed their presence. 
The analyst may therefore feel assured that the detection of the substance 
of which the residue left upon evaporation consists will be more readily 
effected in the class of bodies ins<^uble in water. 

If water has dissolved any part of the substance under examination, 
the student will always do well to examine the solution both for acids 
and bases, since this will lead more readily to a correct apprehension of 
the nature of the compound — an advantage which will amply counter- 
balance the drawback of sometimes meeting with the same substance 
both in the aqueous and in the acid solution. 

The following substances (with few exceptions) are insoluble in water, 
but soluble in hydrochloric acid or in nitric acid : the phosphates, arse- 
sates, arsenites, borates, carbonates, and oxalates of the earths aad 
metals ; also several tartrates, citrates, malates, benzoates, and succi- 
nates ; the oxides and sulphides of the heavy metals ; alumina, magnesia ; 
many of the metallic iodides and cyanides, &o. Nearly the whole of 
these compounds are, indeed, decomposed, if not by dilute, by boiling con- 
centrated hydrochloric acid ;* but this decomposition gives rise to the 
formation of insoluble compounds where oxide of silver is present, and 
of sparingly soluble compounds in the presence of suboxide of mercury 
and lead. This is not the case with nitric acid, and accordingly the latter 
effects complete solution in many cases where hydrochloric acid leaves a 
residue. On the other hand, however, nitric acid leaves^ besides the 
bodies insoluble in any simple acid, teroxide of antimony, binoxide of tin, 
binoxide of lead, <Src., undissolved, and dissolves many other substances 
less readily than hydrochloric acid, e. g. sesquioxide of iron and alumina. 

Substances not soluble in water are therefore, briefly expressed, to be 
treated as follows : try to dissolve them in dilute or concentrated, cold 

* For the exceptions see § 203. 
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or boiliog hydrochloric acid ; if this fails to effect complete solution, try 
to dissolve a fresh portion in nitric acid ; if this also &als, treat the body 
with aqua regia, which is an excellent solvent, more particularly for 
metallic sulphides. To examine separately the solution in hydrochloric 
acid or in nitric a<$id, on the one hand, and that in nitrohydrochloric 
acid on the other, is, in most cases, neither necessary nor desirable. 
To prepare a solution in nitric acid or in aqua regia, where the nature of 
the substance does not absolutely demand it, is not advisable, as a solu- 
tion in hydrochloric acid is much better suited for precipitation by 
hydrosulphuric acid. Nor is it advisable to concentrate a solution in 
aqua regia by evaporation, to drive off the excess of the acids, as the 
operation might lead to the escape of volatile chlorides, more particularly 
of chloride of arsenia It is therefore always best to use no more aqua 
regia than is just necessary to effect solution. 

With regard to the solution of metals and alloys, I have to remark 
that, upon boiling them with nitric acid, white precipitates will frequently 
form, although neither tin nor antimony be present. Inexperienced 
students often confound such precipitates with the oxides of these two 
metals, although their appearance is quite different. These precipitates 
consist simply of nitrates sparingly soluble in the nitric acid present, but 
readily soluble in water. Consequently the analyst should ascertain 
whether these white precipitates will dissolve in water or not, before he 
concludes them to consist of tin or antimony. 

III. AdDITIOKAL EbUARKS to THE ACTUAL EXAMINATION. 

To §§ 182—204. 
A. General Review and Explanation of the Analytical Coubse. 

a, detection of the bases. 

The classification of the bases into groups, and the methods which 
serve to detect and isolate them individually, have been fully explained 
in Part I., Section III. The systematic course of analysis, from § 189 
to § 198, is founded upon this classification of the bases ; and as a correct 
apprehension of it is of primary importance, I will here subjoin a brief 
explanation of the grounds upon which this division rests. Respecting 
the detection of the several bases individually, I refer the student to 
the recapitulations and remarks in §§ 88 — 125. 

The general reagents which serve to divide the bases into principal 
groups are — hydrochloric acid, hydrosulphuric acid, sulphide of 
AMMONIUM, an^ CARBONATE OF AMMONIA : this IS likewise the order of 
succession in which they are applied. Sulphide of ammonium performs 
a double part. 

Let us suppose we have in solution the whole of the bases, together 
with arsenious and arsenic acids, and also phosphate of lime — ^which 
latter may serve as a type for the salts of the alkaline earths soluble in 
acids and reprecipitated unaltered by ammonia. 

Chlorine forms insoluble compounds only with silver and mercury ; 
chloride of lead is sparingly soluble in water. The insoluble subchloride 
of mercury corresponds to the suboxide of that metal. If, therefore, we 
add to our solution : 
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1. Hydrochlorio Acid, 

we remove £roiii it the metallic oxides of the first division of the fifth 
group, viz., the whole of the oxide of silver and the whole of the sub- 
oxide OF ICEROURY. From concentrated solutions a portion of the lead 
may likewise precipitate as chloride ; this is, however, immaterial, as a 
sufficient quantity of the lead remains in the solution to permit the sub^ 
sequent detection of this metaL 

Hydrosulphuric acid completely precipitates the oxides of the fifth 
and sixth groups from solutions containing a free mineral acid, since the 
affinity of the metallic radicals of these oxides for sulphur, and that of 
the hydrogen for oxygen, is sufficiently powerful to overcome the affinity 
between the metal and the oxygen, and that between the oxide and a 
strong acid, even thouoh the acid be present in excess. But none 
of the other bases are precipitated under these circumstances, since those 
of the first and second groups form no sulphur compounds insoluble in 
water, besides that their sulphides cannot possibly form in acid solutions; 
as regards those of the third group, sulphide of aluminium and sulphide 
of chromium cannot possibly be formed in the humid way ; and the 
affinity which the metallic radicals of the oxides of the fourth group 
possess for sulphur, combined with that manifested by hydrogen for 
oxygen, is not sufficiently powerful to overcome the affinity of the metal 
for oxygen and of the oxide for a strong acid, if the latter is present 
IN excess. 

I^ therefore, after the removal of the oxide of silver and suboxide of 
mercury, by means of hydrochloric acid, we add to the solution, which 
still contains free hydrochloric acid, 

2. ffydrosulphtMrie Add^ 

we remove from it the remainder of the oxides of the fifth, together 
with those of the sixth group, viz., oxide of lead, oxide of mercury, 

OXIDE OF copper, TEROXIDE OF BISMUTH, OXIDE OF CADMIUM, TEROXIDE 
of gold, BINOXIDE of platinum, PROTOXIDE OF TIN, BINOXIDE OF TIN, 
TEROXIDE OF ANTIMONY, ARSENIOUS ACID, and ARSENIC ACID. All the 

other oxides remain in solution, either unaltered, or reduced to a lower 
degree of oxidation, e, g,^ sesquioxide of iron to protoxide ; chromic acid 
to sesquioxide of chromium, dec. 

The sulphides corresponding to the oxides of the sixth group com- 
bine with basic metallic sulphides (the sulphides of the alkali metals), 
and form with them sulphur salts soluble in water ; while the sulphides 
corresponding to the oxides of the fifth group do not possess this pro- 
perty, or possess it only to a limited extent.* K, therefore, we treat 
the whole of the sulphides precipitated by hydrosulphurio acid from an 
acid solution, with — 

3. SvlpMde ofAmmoniwm (or, in certain oases, Sulphide ofSodiwir^, 

with addition, if necessary, of some sulphur or yellow sulphide of am- 
monium, the sulphides of mercury, lead, copper, bismuth, and cadmium 
remain undissolved, whilst the other sulphides dissolve as doable com- 
pounds of sulphide of gold, platinum, antimony, tin, arsenic, with 
SULPHIDE OF AMMONIUM (or, as the case may be, sulphide of sodium), 

* Sulphide of mercury combines with sulphide of potassium and sulphide of sodiuiq, 
but not with sulphide of ammonium ; sulphide of copper dissolves a little in sulphide 
of ammonium, but not in sulphide of potassium or sulphide of sodium. 
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and precipitate again from this solution npon the addition of hydrochloric 
add, either unaltered, or in a atate of higher sulphuration (they take up 
sulphur from the yellow sulphide of amm^onium). The rationale of this 
precipitation is as follows : — The acid decomposes Hie sulphur salt formed. 
The sulphur base (sulphide of ammonium or sulphide of sodium) ia 
decomposed by the hydrochloric acid into chloride and hydrosulphuric 
acid ; and the liberated electro-negative sulphide (sulphur acid) preci- 
pitates. Sulphur precipitates at the same time if the sulphide of am- 
monium contains an excess of that element. The analyst must bear in 
mind that this eliminated sulphur makes the precipitated sulphides 
appear of a lighter color than they are naturally. 

The sulphides corresponding to the oxides still remaining in solution 
are part of them — as those of the alkalies and alkaline earths — soluble in 
water ; part — as those of alumina and sesquioxide of chromium — decom- 
posed by water into hydrated oxides and hydrosulphuric acid ; part — 
as those of the fourth group — ^insoluble in water. These latter would 
accordingly have been precipitated by hydrosulphuric acid, but for the 
free acid present If, therefore, this free acid is removed, t.6., if the 
solution is made alkaline, and then treated with more hydrosulphuric 
acid, if required, or, what will answer both purposes at once^ if 

4. Sulphide of Ammonium, 

is added to the solution,* the sulphides corresponding to the oxides of 
the fourth group will precipitate : viz., the sulphides of ibon, manoa- 
KE8E, cobalt, NICKEL, and ziNa But in conjunction with them, 

HTDRATE OV ALUMINA, HTDRATED SESQUIOXIDE OF CHROMIUM, and PHOS- 
PHATE OF LIME are thrown down, because the affinity which the oxide 
of ammonium possesses for the acid of the salt of alumina or of sesqui- 
oxide of chromium, or for that which keeps the phosphate of lime in 
solution, causes the elements of the sulphide of ammonium to transpose 
with those of the water, thus giving rise to the formation of oxide of 
ammonium and of hydrosulphuric acid. The former combines with the 
acid, the latter escapes, being incapable of entering into combination with 
the liberated oxides or with the phosphate of lime, — ^the oxides and the 
limeHsalt precipitate. 

There remain now in solution only the alkaline earths and the 
alkalies. The neutral carbonates of the former are insoluble in water, 
whOst those of the latter are soluble in that menstruum. I^ therefore, 
we now add 

5, Carbonate of Ammonia, 

together with a little pure ammonia, to guard against the possible for- 
mation of bicarbonates, the whole of the alkaline earths ought to pre- 
cipitate. This is, however, the case only as regards baryta, strontia, 
and LIME ; of magnesia we know that, owing to its disposition to form 
double compounds with salts of ammonia, it precipitates only in part ; 
and that the presence of an additional salt of ammonia will altogether 
prevent its precipitation, at least within a reasonable space of time. To 
.guard against any uncertainty arising from this cause, chloride of am- 
monium is added previously to the addition of the carbonate of ammonia, 

* After previous neutralization of the free aoid by ammonia, to prevent unnecessary 
evolution of hydrosulphuric aoid ; and after previous addition also, if necessary, of 
chloride of ammonium to prevent the precipitation of magnesia by ammonia* 
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tbe mixture soon after filtered^ and thus the precipitation of the mag^ 
nesia is altogether pi'evented. 

We have now still in solution magnesia and the alkalies* The 
detection of magnesia may be effected by means of phosphate of soda 
and ammoi!iia ; but its separation requires a different method, since the 
presence of phosphoric acid would impede the further progress of the 
analysis. The process which serves to effect the removal of the mag- 
nesia is based. upon the insolubility of that earth in the pure state. The 
substance under examination is accordingly ignited in order to expel 
the salts of ammonia, and the magnesia is then precipitated by means of 
baryta, the alkalies, together with the newly formed salt of baryta and 
the excess of the caustic baryta added, remainiug in solution. By the 
addition of carbonate of ammonia the compounds of baryta are removed 
from the solution, which now only contains the fixed alkalies, the salt of 
ammonia formed, and the excess of the salt of. ammonia added. If the 
salts of ammonia are then removed by ignition, the residue consists of 
the fixed alkalies alone. This method of separating the baryta affords 
the advantage over that of effecting the removal of that earth by means 
of sulphuric acid, that the alkalies are obtained in the most convenient 
form for their subsequent individual detection and isolation, viz., as 
chlorides. But as carbonate of baryta is slightly soluble in salts of 
ammonia, and gives, upon evaporation with chloride of ammonium, 
carbonate of ammonia and chloride of barium, it is usually necessary, after 
the expulsion of the salts of ammonia by ignition, to precipitate it once 
inore with carbonate of ammonia, in order to obtain a solution perfectly 
free from baryta. 

Lastly, to effect the detection of the ammonia, a fresh portion of the 
substance must of course be taken. 

6. Detection of the Acids. 

Before passing on to the examination for acids and salt-radicals, the 
analyst should first ask himself which of these substances may be ex- 
pected to be present, to judge from the nature of the detected bases and 
the class to which the substance under examination belongs with respect 
to its solubility in water or acids. Since this will save him the trouble of 
unnecessary experiments. Upon this point I refer the student to the 
table in Appendix lY., in which the various compounds are arranged 
according to their several degrees of solubility in water and acids. 

The general reagents applied for the detection of the acids are, for the 
inorganic acids, chloride op barium and nitrate of silter, for the 
oi^anic acids chloride of calcium and sesquichloride of iron. It 
is therefore indispensable that the analyst should firot assure himself 
whether the substance under examination contains only inorganic acids, 
or whether the presence of organic acids must also be looked for. The 
latter is inyaridbly the case if the body, when ignited, turns black, 
owing to separation of carbon. — In the examination for bases the 
different reagents serve to effect the actual separation of the several 
groups of bases from each other ; but in the examination for acids they 
serve simply to demonstrate the presence or absence of the acids 
belonging to the different groups. 

Let us suppose we have an aqueous solution containing the whole of 
the acids, in combination with soda,- for instance. 

i^aryta forms insoluble compounds with sulphurie apid, phosphorie 
L X 



S06 EXPLANATION OF THE ANALYTICAL COURSE. 

acid, areenious acid, arsenic acid, carbonic acid, silicic acid, boracic acid, 
chromic acid, oxalic acid, tartaric acid, and citric acid ; fluoride of 
barium also is insoluble, or at least only sparingly soluble ; all these 
compounds are soluble in hydrochloric acid, with the exception of 
sulj^hate of baryta. If^ therefore, to a portion of our neutral or, if 
necessary, neutralized solution, we add, 

1. Chloride of Bariwm^ 

the formation of a precipitate will denote the presence of at least one 
of these acids. By treating the precipitate with hydrochloi-ic acid we 
learn at once whether sulphuric acid is present or not, as all the salts of 
baryta being soluble in this menstruum, with the exception of the 
sulphate, a residue left undissolved by the hydrochloric acid can consist 
only of the latter salt. Where sulphate of baryta is present, the reaction 
with chloride of barium fails to lead to the positive detection of the 
whole of the other acids enumerated. For upon filtering the hydro^ 
chloric solution of the precipitates and supersaturating the filtrate with, 
ammonia, the borate, tartrate, citrate, &c., of baryta do not always fall 
down again, being kept in solution by the chloride of ammonium formed. 
For this reason chloride of barium cannot serve to effect the actual 
separation of the whole of the acids named, and, except as r^arda 
sulphuric acid, we set no value upon this reagent as a means of effecting 
their individual dete ction. Still it is of great importance as a reagent, 
since the non-formation of a precipitate upon its application in neutral 
or alkaline solutions proves at once the absence of so considerable a 
number of acids. 

The compounds of silver with sulphur, chlorine, iodine, bromine, 
cyanogen, ferro- and ferricyanogeu, and of the oxide of silver with 
phosphoric acid, arsenious acid, arsenic acid, boracic acid, chromic acid, 
silicic acid, oxalic acid, tartaric acid, and citric acid, are insoluble in 
water. The whole of these compounds are soluble in dilute nitric acid, 
with the exception of the chloride, iodide, bromide, cyanide, ferro- 
cyanide, fenicyanide, and sulphide of silver. If, therefore, we add 
to our solution, which, for the reason just now stated, must be perfectly 
neutral, 

2. NUraie of Silver^ 

and precipitation ensues, this shows at once the presence of one or 
several of the acids enumerated : chromic acid, arsenic acid, and several 
others, which form colored salts with silver, may be individually recog- 
nised with tolerable certainty by the mere color of the precipitata By 
treating the precipitate now with nitric acid, we see whether it contains 
sulphide of silver or any of the haloid compounds of silver, as these 
remain undissolved, whilst all the oxide salts dissolve — Nitrate of silver 
fails to effect the complete separation of those acids which form with 
oxide of silver compounds insoluble in water, from the same cause which 
renders the separation of acids by chloride of barium uncertain, viz., 
the ammoniacal salt formed prevents the reprecipitation, by ammonia, 
of several of the salts of silver from the acid solution. Nitrate of silver, 
besides effecting the separation of chlorine, iodine, bromine, cyanogen, 
ko,^ and indicating the presence of chromic acid, &c., serves, like the 
chloride of barium, to demonstrate at once the absence of a great many 
ftcids, where it produces no precipitate in neutral solutions. 
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The deportment which the solution under exanxination exhibits with 
chloride of barium and with nitrate of silver, indicates therefore at once 
the further course of the investigation* Thus, for instance, where 
chloride of barium has produced a precipitate, whilst nitrate of silver has 
failed to do so, it is not necessary to test for phosphoric acid, chromic 
acid, boracic acid, silicic acid, arsenious acid, arsenic acid, oxalic acid, 
tartaric acid, and citric acid, provided always the solution did not already 
contain salts of ammonia. The same is the case if we obtain a precipi" 
tate by nitrate of silver, but none by chloride of barium. 

Ketoming now to the supposition which we have assumed here, viz., 
that the whole of the acids are present in the solution under examination, 
^ the reactions with chloride of barium and nitrate of silver would accord- 
ingly have demonstrated already the presence of sulphuric acid, and led 
to the application of the special tests for chlorine, bromine, iodine, 
CYANOGEN, FERROCYANOOEN, FERRIC YANOOEN, and SULPHUR ;* and there 
would be reason to test for all the other acids precipitable by these two 
reagent& The detection of these acids is based upon the results of a 
series of special experiments, which have already been fully described 
and explained in the course of the present work : the same remark 
applies to the rest of the inorganic acids, accordingly to nitric acid and 
chloric acid. 

Of the organic acids oxalic acid, paratartaric acid, and tartaric acid, 
are precipitated by chloride of calcium in the cold, in presence of chlo> 
ride of ammonium ; the two former immediately, the latter often only 
after some time ; but the precipitation of citrate of lime is prevented by 
the presence of salts of ammonia, and ensues only upon ebullition or upon 
mixing the solution with alcohol ; the latter agent serves also to effect 
the separation of malate of lime from aqueous solutions. If, therefore, 
we add to our fluid,— 

3. Chloride of Calcium and Chloride of Ammonium, 

OXALIC ACID, PARATARTARIC ACID, and TARTARIC ACID are precipitated, but 
the lime-salts of several inorganic acids, which have not yet been separated, 
phosphate of lime for instance, precipitate along with them. We must 
therefore select for the individual detection of the precipitated organic 
acids such reactions only as preclude the possibility of confounding the 
organic acids with the inorganic acids that have been thrown down along 
with them. For the detection of oxalic acid we select accordingly solu- 
tion of sulphate of lime, with acetic acid (§ 145) ; to effect the detection 
of the tartaric and paratartaric acids, we treat the precipitate produced 
by chloride of calcium with solution of soda, since the lime-salts of these 
two acids only are soluble in this menstruum in the cold, but insoluble 
upon ebullition. 

Of the organic acids we have now still in solution citric acid and malic 
acid, succinic acid and benzoic acid, acetic acid and formic acid. Citric 
ACID and MALIC acid precipitate upon addition of alcohol to the fluid 
filtered from the oxalate, tartrate, &c., of lime, and which still contains 
an excess of chloride of calcium. Sulphate and borate of lime invariably 
precipitate along with the malate and citrate of lime, if sulphuric acid 
and boracic acid happen to be present ; the analyst must therefore care- 
fully guard against confounding the lime precipitates of these acids with 

* For the leparatioii and special detection of these substances, I refer to § 157. 

X 2 
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those of citric acid and malic acid* The alcohol is now removed by 
evaporation, and, — 

4. SeiqmMoride of Iron- 

added to the perfectly neutral fiiiid. This reagent precipitates suocnrio 
ACID and Bi^zoic acid in combination with sesqnioxide of iron, whilst 
FORMIC ACID and ACETIC ACID remain in solntion. The methods which 
serve to effect the separation of the several gronps from each other, and the 
reactions on which the individual detection of the various acids is based, 
have been fully described and explained in the former part of this work. 

B. Special Kehabks and Additions to the Ststekatic Course 

OF Analysis. 

To § 189. 

At the commencement of § 189 the analyst is directed to mix neutral 
or acid aqueous solutions with hydrochloric acid. This should be done 
drop by drop. K no precipitate forms, a few drops are sufOlcient, since 
the only object in that case is to acidify the fluid in order to prevent the 
subsequent precipitation of the metals of the iron group by hydrosul- 
phuric acid. In the case of the formation of a precipitate, some chemists 
recommend that a fresh portion of the solution should be acidified with 
nitric acid. However, even leaving the fact out of consideration that 
nitric acid also produces precipitates in many caAes — ^in a solution of 
potassio-tartrate of antimony^ for instance — I prefer the use of hydro- 
chloric acid, i.e., the complete precipitation by that acid of all that is 
predpitable by it, for the following reasons : — 1. l^etals are more readily 
precipitated by hydrosulphuric acid from solutions acidified with hydro- 
chloric acid, than from those acidified with nitric acid; — 2. In cases 
where the solution confains silver, suboxide of mercury, or lead, the 
further analysis is materially facilitated by the total or partial precipita- 
tion of these three metals in the form of chlorides ; — and 3. This latter 
form is the best adapted for the individual detection of these three 
metals when present in the same soluti(»i. Besides, the application of 
hydrochloric acid saves the necessity of examining whether the mercury, 
which may be subsequently detected with the other metals of the fifth 
group, was originally present in the form of oxide or in that of suboxide. 
That the lead, if present in large proportion, is obtained partly in the 
form of a chloride, and partly in the precipitate produced by hydrosul- 
]>huric acid in the acid solution, can hardly be thought an objection to 
the application of this method, as the removal of the larger portion of 
the lead from the solution, effected at the commencement, will only serve 
to facilitate the examination for other metals of the fifth and sixth 
groups. 

As already remarked, a basic salt of teroxide of antimony may separate 
from potassio-tartrate of antimony, for instance, or from some other 
analogous compound, and. precipitate along with the insoluble chloride of 
silver and subchloride of mercury, and the sparingly soluble chloride of 
lead. This precipitate, however, is readily soluble in the excess of 
hydrochloric acid which is subsequently added, and exercises therefore 
no influence whatever upon the further process. The application of 
heat to the fluid mixed with hydrochloric acid is neither necessary 
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nor even advisable, since it miglit cauiae the conversion of a little of 
the precipitated subchloride of mercnry into chloride. 

Should bismuth or chloride of autiinonj be present^ the addition of 
the washings of the precipitate produced by hydrochloric acid to the first 
filtrate will cause turbidity, if the amount of free hydrochloric acid 
present is not sufiicient to prevent the separation of the basic salt. This 
turbidity exercises, however, no influence upon the further process, since 
hydroBulphuric acid as readily converts these finely-divided precipitates 
into sulphides, as if the metals were in actual solution. 

In the case of alkaline solutions, the addition of hydrochloric acid must 
be continued untU the flaid shows a strcmgly acid reaction. The sub- 
stance which causes the alkaline reaction of the fluid combines with the 
hydrochloric add, and the bodies originally dissolved in that acid separate. 
liius, if the alkali is present in the free state, oxide of zinc, for in* 
stance, or alumina, &c., may precipitate. But these oxides will re- 
dissolve in an excess of hydrochloric acid, whereas chloride of silver will 
not redissolve, and chloride of lead only with difficulty. If a metallic 
sulphur salt is the cause of the alkaline reaction, the sulphur acid, e, g., 
tersulphide of antimony, precipitates upon the addition of the hydro- 
chloric acid, whilst the sulphur base, e. g., sulphide of sodium, transposes 
with the constituents of the hydrochloric acid, forming chloride of sodium 
and hydrosulphuric acid. If an alkaline carbonate, a cyanide, or the 
sulphide of an alkali metal is the cause of the alkaline reaction, carbonic 
acid, or hydrocyanic acid, or hydrosulphuric acid escapes. All these pheno- 
liiena should be carefully observed by the analyst, since they not only 
indicate the presence of certain substances, but demonstrate also the 
absence of entire groups of bodies. 

Precipitfttes are produced also by hydrochloric acid in solutions oontainiog alkali 
salts of antimonic acid, tantalic acid, hyponiobic acid, molybdic acid, and tungstio 
acid. The antimonic, tantalic, and molybdic acids precipitates dissolve (the tantalic 
apid precipitate to an opalescent fluid), whilst the hyponiobic and tungstic add preci- 
pitates are not dissolved by an excess of the hydrochloric acid. The two latter acids 
are therefore eventually left in the precipitate, which may contain also chloride of 
silver, subchloride of mercury, chloride of lead, and silicic acid. Separation of sulphur 
ensuing some time after addition of hydrochloric acid^ and attended by a smell of 
sulphurous acid, indicates presence oihypovuXphiiet, 

'To §§ 190 and 191. 

A judicious distribution and economy of time is especially to be 
studi^ in the practice of analysis ; many of the operations may be car- 
ried on simultaneously, which the student may readily perceive and 
arrange for himself. 

In cases where the analyst has simply to deal with metallic oxides of 
the sixth group — e, g., teroxide of antimony — ^and of the fourth or fifth 
group — e, g,, iron or bismuth, — ^he need not precipitate the acidified solu- 
tion with hydrosulphuric acid, but may, after neutralization, at once add 
sulphide of ammonium in excess. The sulphide of iron, <bc., will in that 
case precipitate, whilst the antimony, &c., will remain in solution, from 
which they will, by addition of an add, at once be thrown down as ter- 
sulphide of antimony, &c. This method has the advantage that the fluid 
is diluted less than is the case where solution of hydrosulphuric acid is 
employed, and that the operation is performed more expeditiously and 
conveniently than is the case where hydrosulphuric acid gas is conducted * 
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into the fluid. Fiuallj, I must once more remind the student that 
the perfect purity of the reagents, and their proper application, 
rank amongst the most indispensable conditions of successful analysis. 
This applies more particularly to hydrosulphuric acid, especially when 
used in the gaseous form. In such cases students often lose sight 
of the circumstance that hydrosulphuric acid gas fails to precipitate 
highly acid solutions unless they be previously diluted with water. Arsenic 
acid also is apt to escape detection if the analyst omits to properly support 
the action of the hydrosulphuric acid by application of heat. 

It happens occasionally that in treating acid solutions with hydro- 
sulphuric acid, or in decomposing by hydrochloric acid the sulphide 
of ammonium used to effect the solution of sulphides of the sixth group 
that may be present, precipitates are obtained which look almost like 
pure sulphur, and thus leave the analyst in doubt whether it is really 
requisite to examine them for metals. In such cases the precipitate may 
be washed, first with water, then with alcohol, and treated finally with 
sulphide of carbon, to remove the sulphur ; this will show whether or 
Hot a trifling quantity of a sulphide is mixed with the sulphur. 

The following sulphides of the rarer elements pass into the precipitate produced by 
hydrosulphuric acid in an acid solution ; the sulphides of palladium^ rhodium, osmium^ 
ruthenium, iridium,* molybdenum, tellurium, selenium. f 

The following rarer compounds cause separation of sulphur, by decomposing the 
hydrosulphuric acid : \ 

The higher oxides and chlorides of manganese and cobalt, vanadic acid (with blue 
coloration of the fluid), nitrous acid, sulphurous acid, hyposulphurous acid, hypochlorous 
and chlorous acids, bromic acid, and iodic acid. 

On treating the precipitate with sulphide of ammonium (sulphide of sodium), the 
sulphides of iridium, molybdenum, tellurium, and selenium dissolve with the sulphides 
of arsenic, antimony, &c., whilst the sulphides of palladium, rhodium^ osmium, and 
ruthenium remain undissolved with the sulphides of lead, bismuth, &c. 

To § 192. 

If a precipitate containing all the sulphides of the sixth group (of tin, antimony, 
arsenic, tellurium, selenium, molybdenum, gold, platinum, and iridium) is fused, 
according to the instructions of § 192, with carbonate and nitrate of soda, and the fused 
mass treated with cold water, the teUvmc acid, selenic acidf and molyhdie acid dissolve 
with the arsenic acid, whilst the iridium is left undissolved with the binoxide of tin, 
the antimonate of soda, the gold, and the platinum. 

For the way of detecting the rarer elements in the solution and in the precipitate^ 
Bee § 135. 

To § 193. 

Besides the methods described in the systematic course, to distinguish 
between cadmium, copper, lead, and bismuth, the following process will 
also be found to give highly satisfactory results. Add carbonate of soda 
to the nitric acid solution as long as a precipitate continues to form, then 
solution of cyanide of potassium in excess, and heat gently. This effects 
th^ complete separation of lead and bismuth in the form of carbonates, 
whilst copper and cadmium are obtained in solution in the form of 

* The metals of the platinum ores are precipitated with difficulty by hydrosulphuric 
acid. To attain the end in view, hydrosulphuric acid gas must be perseveringly con- 
ducted into the fluid, and heat applied to promote the action of the acid. 

t Tungsten and vanadium are not found in the precipitate thrown down from an 
acid solution by hydrosulphuric acid. They can be present only where the fluid has 
first been mixed with sulphide of ammonium, then with acid in excess ; but in that 
case the sulphides of nickel and cobalt wUl also be found with those of the fifth and 
sixth groups. 
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cyanide of copper and potassium, and cyanide of cadmiam and potassium* 
Lead and bismuth may now be readily separated from one another by 
means of sulphuric acid. The separation of the copper from the cadmium 
is effected by adding to the solution of the cyanides of these two metals 
in cyanide of potassium, hydrosulphiiric acid in excess, gently heating, 
and then adding some more cyanide of potassium, in order to redis^ 
solve the sulphide of copper which may have precipitated along with 
the sulphide of cadmium. A residuary yellow precipitate (sulphide 
of cadmium), insoluble in the cyanide of potassium, demonstrates the 
presence of cadmium. Filter the fluid from this precipitate, and add 
hydrochloric acid to the filtrate, when the formation of a black precipitati 
(sulphide of copper) will demonstrate the presence of copper. 

Where there is reason to suppose that the precipitate containing the sulphides of the 
fifth group (of copper, bismuth, &c.), contains also the sulphides of palladium, rhodium, 
osmium, and ruthenium, proceed as- follows : 

Fuse the precipitate with hydrate of potassa and chlorate of potassa, heat, ultimately 
to redness, let cool, then treat the fused mass with water. The solution contains osmate 
and ruthenate of potassa, which latter imparts a deep yellow color to it. If the fluid is 
cautiously neutralized with nitric add, black sesquioxide of nUhenivm, separates ; if mbre 
nitric acid is added to the filtrate, and the fluid then distilled, otmic add passes over. If 
the residue left upon the extraction of the fused mass with water is gently ignited in 
hydrogen gas,* then cautiously treated with dilute nitric acid, the copper, lead, &c., 
are dissolved, whilst the rhodium and palladium are left undissolved. The palladium 
may then be dissolved out of the residue by means of aqua regia, leaving the 
rhodium undissolved. For the further examination of the isolated metals, I refer to 
§ 124. A separate portion of the precipitate of the sulphides must be examined for 
mercury, in the event of the above process being adopted. 

To §194. 

Assuming all elements not yet precipitated to be present in the fluid filtered from 
the precipitate produced in an acid solution by hydrosulphuric acid, the precipitate 
produped by addition of chloride of ammonium to this filtrate, neutralization with 
ammonia, and addition of sulphide of ammonium in excess, will contain the following 
elements : 

a. In the form of sulphides : cobalt, nickel, manganese, iron, zinc, uranium ; 

h. In the form of oxides : aluminium, beryllium, thorium, zirconium, yttrium, 
terbium, erbium, cerium, lanthanium, didymium, chromium, titanium, tantalum, 
niobium, t 

Where there is reason to suspect the presence of some of the rarer elements in the 
precipitate, the following method may be recommended as the most suitable in many 
cases : 

Dry the washed precipitate, ignite in a porcelain crucible, then fuse perseveringly ia 
a platinum crucible with a.cid aulphaie of potasna ; let the fused mass cool, suak in 
cold water, and digest for some time, without application of heat. Filter the solution 
fron the residue. 

The RESIDUB, which contains the acids of tantalum and niobium, and may contain 
also silicic acid and a little undissolved sesquioxide of iron and sesquioxide of chro- 
mium, gives, on fusion with hydrate V>f soda and some nitrate of soda, a mass out of 
which dilute solution of soda will dissolve chromate and silicate of potassa, leaving 
undissolved, with the sesquioxide of iron, tantalate and hyponinbate of soda (being 
insoluble in solution of soda). After removing the excess of soda, t^eat repeatedly 
with a very dilute solution of carbonate of soda, in which the htponiobatb of soda 
dissolves much more readily than the tantalate. For further examination oompiire 
§ 104, 11 and 12. 

Treat the soLUTioif, which contains all the other bases, &;c., of the third and fourth 
groups, with hydrosulphuric acid, to reduce the sesquioxide of iron, dilute considerably, 
heat to boiling, and keep boiling for some time, whilst conducting carbonic acid into 

* Cadmium may escape in this operation, 
f Of hyponiobio acid only the trifling traces redissolved on the precipitation by 
. J^drochloric auid can be present here. 
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the fluid. If a precipitate is formed, examine tbis for titanic aged ; it may possibly 
ooDtain also a little zibcn>kia. 

Concentrate the filtrate by evaporation, with addition of some nitric acid, precipi- 
tate with ammonia, filter, and wash ; redissolve the washed precipitate in hydrochloric 
acid, and precipitate again with ammonia. This will give almost the whole of the 
ZINO, MAKaANBSE, NIOKBL, and COBALT in solution, whilst the earths are left undi8<- 
Bolved with the sesquioxides of iron, uranium, and chromium. Redissolve the preci- 
pitate in hydrochloric acid, and add to the solution concentrated solution ofpotaaaa^ 
without applying heat. This will leave in solution the sesquioxide of chromium, tbe 
alumina, and the berylla whilst precipitating the other earths with the sesquioxides 
of iron and uranium. Dilute the alkaline solution, and boil some time ; this will 
throw down the berylla and the sesquioxide of chromium, leaving the alumina in 
solution. The latter earth may then be precipitated by chloride of ammonium. Fuse 
the precipitate of bervlla and sesquioxide of chromium with carbonate of soda and 
nitrate of pota8^ll^ and separate the berylla from the chromic acid in the same way 
in which the separation of alumina from chromic acid is effected (§ 103). 

The precipitate, which contains the sesquioxides of iron and uranium and the earths 
insoluble in potassa, may under circumstances, e.^., in presence of yttria and sesqui* 
oxide of cerium, also contain alumina and berylla. Dissolve it in hydrochloric acid^ 
remove an over-large excess of the acid by evaporation, dilute, add carbonate of baryta^ 
and let the mixture stand from four to six hours in the cold. 

The precipitate produced contains t^e sesquioxide of iron, the sesquioxide of 
URANIUM, and the alumina which may still be present. Redissolve in hydrochloric 
acid, and separate the sesquioxide of uranium from the alumina and the sesquioxide of 
iron, by means of carbonate of ammonia added in excess. From the fluid filtered oflT 
the precipitate produced by carbonate of baryta, remove the baryta by sulphuric acid, 
concentrate strongly by evaporation, neutralize exactly with potassa (leaving the re- 
action rather acid thui alkaline), add neutral atUphate of potassa m crystals, boil, and let 
the fluid stand twelve hours. Then filter, and wash with a solution of neutral sulphate 
of potassa. The filtrate contains that portion of the berylla which may have escaped 
solution by potassa, also yttria (together with oxide of erbium and oxide of tei'bium). 
These substances are precipitated by ammonia, and may then easily be separated by 
treating with a concentrated warm solution of oxalic a>cid, in which the bertlla is 
soluble, whilst the oxalates of tttbia and of oxide of erbium and oxide of terbium 
are left undissolved. Now boil the precipitate of the double sulphates of zirconia, &o. 
and potassa repeatedly in water, with addition of some hydrochloric add, which will 
dissolve the thokia and the oxides of cerium, leaving the sulphate of zirconia and 
potassa undissolved. The thoria and the oxides of cerium may then be precipitated 
from the solution by ammonia^ and tested by the reactions described in § 104. 

To §§ 195—198. 

The fluid filtered from the precipitate produced by sulphide of ammonium may not 
only contain the alkaline earths and the alkalies, but some nickel, and also vanadic 
acid and that portion of the tungstic acid which has been left unprecipitated by hydro- 
chloric acid. The nickel, the vanadic acid, and the tungstic acid, are present as sul- 
phides dissolved in the exoess of sulphide of ammonium ; they are thrown down in that 
fonn by just acidifying the fluid with hydrochloric acid. Filter the precipitate, wash, 
dry, fuse with carbonate of soda and nitrate of potassa, and treat the fused mass with 
water ; this will dissolve the vanadate and tuugstate of potassa, leaving the protoxide 
of nickel undissolved. From this solution the vanadic acid may be separated by means 
of solid chloride of ammonium, the tungstic acid by evaporating with hydrochloric acid 
and treating the residue with water. The two acids may then be examined as directed 
§ 118, 6, and § 185, c. « 

For the detection of lithium, csesium> and rubidium, I refer to the analysis of mineral 
waters (258) »nd (269). 

To § 208. 

If the rarer elements are taken into account, the number of bodies which are left 
undissolved by treating a substance under examination with water, hydrochloric acid, 
nitric acid, and aqua regia, is much enlarged. The following bodies, more especially, 
are either altogether, or in the ignited state, or in certain combinataonSi insoluble or 
slowly and sparingly soluble in acids : 

Berylla, thoria, and zirconia ; the oxides of cerium ; titanic acid and tantalic acid ; 
hyponiobic acid and niobic acid ; molybdic acid and tungstic acid ; rhodium, iridium, 
osmio-iridium,. ruthenium; 

When you have, in the systematic course of analysis, arrived at (208)i fuse tke 
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stibstsmce, free from silver, lead, and ralpbur, ^mth carbonate of soda and some nitrate 
of potassa, extract the fused mass repeatedly with hot water, and, if a residue is left, 
fuse this some time, in a silver crucible, with hydrate of potasisa and nitrate of potassa^ 
and again treat the fused mass repeatedly with water. The alkaline solutions, which 
may be examined separately or together, may contain berylla, a portion of the titanic 
acid, the tantalic acid, the niobio acid, the molybdic acid, the tungstic acid, the osmic 
and ruthenic acids, and a portion of the iridium present. 

If the residue left undissolved by the preceding operation is fused with acid sulphate 
of potassa, and the fused' mass treated with water, the thoria and zirconia, the oxides 
of cerium, the remainder of the titanic acid, and the rhodium may dissolve. A residue 
left by this operation may consist of platinum ore metals that have escaped decompo- 
sition by fluxing, and had best be mixed with chloride of sodium, and ignited in a 
stream of chlorine. 

With respect to the separation and individual detection of the several elements that 
have passed into the different solutions, the requisite directions and instructions have 
been given in the third section of Part I., and in the additional remarks to §§ 189- 198, 

To § 204. 

The analysis of cyanogen compounds is not very easy in certain cases, 
and it is sometimes a difficult task even to ascertain whether we have 
really a cyanide before us or not. However, if the reactions of the sub<- 
stance under examination upon ignition (8) be carefully observed, and 
also whether upon boiling with hydrochloric acid any odor of hydro- 
cyanic acid is emitted (35)) ^he presence or absence of a cyanide will 
generally not long remain a matter of doubt. 

It must above all be borne in mind that the insoluble cyanogen com- 
pounds occurring in pharmacy, &c., belong to two distinct classes. Viz., 
they are either simple ctai^ides, or compounds of metals with F£bro- 
GYANOOBI7 or some other analogous com[)ound radical. 

All the simple cyanides are decomposed by boiling with concentrated 
hydrochloric acid into metallic chlorides and hydrocyanic acid. Their 
analysis is therefore never difficult. But the ferrocyanides, <&c., to whicli 
indeed the method described § 204 more exclusively refers, suffi^r by 
acids such complicated decompositions that their analysis by means of 
acids is a task not so easily accomplished. Their decomposition by 
potassa or soda is far more simple. The alkali yields its oxygen to the 
inotal combined with the ferrocyanogen, &c., the oxide thus formed 
precipitates, and the reduced potassium or sodium forms with the 
liberated radical soluble ferrocyanide, <fec., of potassium or sodium. 
But several oxides, are soluble in an excess of potassa, as, e.g., oxide 
of lead, oxide of zinc, &o. If, therefore, the double ferrocyanide of zinc 
and potassium, for instance, is boiled with solution of caustic potassa, it 
dissolves completely in that menstruum, and we may assume that the 
solution contains ferrocyanide of potassium and oxide of zinc dissolved* 
in potassa. Were we to add an acid to this solution, we should of course 
simply re-obtain the original precipitate of the double ferrocyanide of 
zinc and potassium, and the experiment would consequently be of no 
avaiL To prevent this failure, we conduct hydrosulphuric acid into the 
solution In potassa, but only until the precipitable oxides are completely 
thrown down, and not until the solution smells of sulphuretted hydrogen. 
This serves to convert into sulphides all the heavy metals which the 
pgtassa holds in solution as oxides. Those sulphides which are insoluble 
in potassa, such as sulphide of lead, sulphide of zinc, <ko., precipitate, 
whilst those which are soluble in alkaline sulphides, such as bisulphide 
of tin, tersulphide of antimony, <&c., remain in solution. To effect the 
detection of these also, the fluid is now acidified with nitric acid, and, if 
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necessary, more hydrosalpharic acid conducted into it. The Auid mnst 
be diluted before the nitric acid is added, and a large excess of the latter 
avoided, as otherwise the fluid will show a blue coloration caused by the 
decomposition of the liberated hydroferrocyanic acid 

The fluid filtered from the precipitated oxides and sulphides accord- 
ingly always contains the cyanogen as ferrocyanide, <fea, of potassium- 
provided, of course, the analyzed compound is really a double ferro- 
cyanide, <fca From most of these compounds — ferrocyanide, femcyanide, 
chromicyanide, and mangauocyauide of potassium — ^the cyanogen partly 
separates as hydrocyanic acid, upon boiling the solutions with moderately 
diluted sulphuric acid, and may thus be readily detected by this means, 
should the direct way of detecting the radicals fail to give the desired 
result. But the cobalticyanide of potassium is not decomposed by dilute 
sulphuric acid, and the analyst is accordingly directed to eflect the 
detection of the compound radical in that salt by means of solution of 
nickel, manganese, zinc, &c. By fusion with nitrate of potassa all these 
double compounds sufler decomposition, cobalticyanide of potassium not 
excepted. The reason why the fusion of these double compounds with 
nitrate of potassa should be preceded by evaporation with an excess of 
nitric acid, is simply to prevent the occurrence of explosions. Caution is 
always highly advisable in this operation. 

If you simply wish to examine for bases in simple or compound 
cyanides, and for that purpose to destroy the cyanogen compound, reduce 
the substance under examination to powder, transfer this to a platinum 
vessel, pour over it concentrated sulphuric acid, diluted with a little 
water, and heat long and intensely until the whole of the free sulphuric 
acid is driven off. The residuary mass consists of sulphates, which are 
then dissolved in hydrochloric acid and water (H. BosB — Zeitschrifb f. 
Analyt. Chem. I, 194). 
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I. 

Deportment of the most important Medicinal Alkaloids with 
Keaoents, and Ststematio Method of effectinq the Detection 
OF THESE Substances. 

§ 229. 

The detection and separation of the vegeto-alksJies, or alkaloids, is a 
task of £Etr greater difficulty than that of most of the inorganic bases. 
Although this difficulty is in some measure owing to the circumstance 
that scarcely one of the compounds which the alkaloids form with other 
substances is absolutely insoluble or particularly characterized by its 
color or any striking property, yet the principal cause of it must be 
ascribed to the want of accurate and minute investigations of the salts 
and other compounds of the alkaloids, and of the products of their 
decomposition. We consequently generally see and apprehend the reac- 
tions only in their external manifestation, but without being able to 
connect them with the causes producing them, which makes it' impos- 
sible to understand all the conditions which may exercise a modifying 
influence. 

Although therefore, in the present imperfect state of our knowledge 
of these bodies, an attempt to define their deportment with reagents, and 
base thereon a method of effecting their separation or, at least, their in- 
dividual detection in presence of each other, must of necessity £bi11 very 
short of perfection, yet, having made a great many experiments on the 
nature and deportment of these substances, I will attempt here, for. the 
benefit of young chemists, and more particularly pharmaceutists, to 
describe in some measure the reactions which the most important of the 
alkaloids manifest with other bodies, and to lay down a systematic 
method of effecting their individual detection. 

The classification of the alkaloids into groups which I have adopted is 
based upon their deportment with certain general reagents. I have 
verified by numerous experiments the whole of the reactions described 
in the succeeding paragraphs. 

Recent investigations have shown that several of the alkaloids, in the 
state in which they are obtained by the usual methods of preparing them^ 
and in which they occur in commerce or are used in pharmacy, must not 
be looked upon as simple organic bodies, but as consisting of several, 
often even of many, very closely allied alkaloids. Thus, for instance, 
common narootine contains three or four homologous bases; thus 
ScHUTZENBERGER has produced from so-called brucia, by fractional crystal- 
lization, ten alkaloids, analogous in form of crystallization and in deports 



L 



316 APPENDIX. 

• 

ment with nitric acid, but differing in composition and in solubility in 
water. As these Tarieties have not as yet been studied with regard to 
their reactions, I have of course been obliged to disregard them altogether 
in the subjoined course of analysis, which therefore must be held to refer 
simply to the vegeto-alkalies in the pure state, such as they have hitherto 
been assumed to exist. 

I. YoLATiLE Alkaloids. 

The volatile alkaloids are fluid at the common temperature, and may 
be volatilized in the pure state as well as when mixed with water. They 
are accordingly obtained in the distillate when their salts are distilled 
with strong fixed bases and water. Their vapors, when brought in con- 
tact with those of volatile acids, form a white cloud. 

1, NicoTiNA, or Nicotine (Cj^ H^ N), 

§230. 

1 . Nicotina, in its pure state, form a colorless, oily liquid, of 1 048 sp, 
gr. ; the action of air imparts a yellowish or brownish tint to it. It boils 
at 482^ F., suffering, however, partial decomposition in the process ; but, 
when heated in a stream of hydrogen gas, it distils over unaltered, 
between 212** and 392"* F. It is miscible in all proportions with water, 
alcohol, and ether. 

Nicotina has a peculiar, disagreeable, somewhat ethereal, tobacco-like 
odor, an acrid, pungent taste, and very poisonous properties. Dropped 
on paper, it makes a transparent stain, which slowly disappears ; it turns 
turmeric-paper brown, and reddened litmus-paper blue. Concentrated 
Aqueous solution of nicotina shows these reactions more distinctly than 
the alkaloid in the pure state. 

' 2. Nicotina has the character of a pretty strong base ; it precipitates 
metallic oxides from their solutions, and forms salts with acids. The 
6alts of nicotina are freely soluble in water and alcohol, insoluble in ether ; 
they ai'e inodorous, but taste strongly of tobacco ; part of them are 
crystallizable. Their solutions, when distilled with solution of potassa, 
give a distillate containing nicotina. By neutralizing this with oxalic acid, 
And evaporating, oxalate of nicotina is produced, which may be freed from 
knj admixture of oxalate of ammonia, by means of spirit of wine, in 
which the former salt is soluble, the latter insoluble. 

3. If an aqueous solution of nicotina, or a solution of a salt of nicotina 
mixed with solution of soda or potassa, is shaken with ether ^ the nicotina 
is dissolved by the ether ; if the latter is then allowed to evaporate on a 
watch-glass, the nicotina remains behind in drops and streaks ; on warm- 
jng the watch-glass, it volatilizes in white fumes of strong odor. 

4. Bichloride of platinum produces in aqueous solutions of nicotina 
whitish-yellow flocculent precipitates. On heating the fluid containing 
the precipitate, the latter dissolves, but upon continued application of 
heat it veiy speedily separates again in form of an orange-yellow, cry- 
stalline, heavy powder, which, under the microscope, appears to be com- 
posed of roundish crystalline grains. If a rather dilute solution of nicotina, 
supersaturated with hydrochloric acid, is mixed with bichloride of 
platinum, the fluid at first remains clear ; after some time, however, the 
double salt separates in small crystals (oblique, four-sided prisms), clearly 
discernible with the naked eye. 
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5. Terchloride of gold produces a reddisb-7ellowfloccuIentp]::ecipitate^ 
-sparingly soluble in hydrochloric acid. 

6. Solution of iodine in iodide of potassium and water, when added in 
wnall quantity to an aqueous solution of nieotina> produces a yellow pre- 
cipitate, which after a time disappears. Upon further addition of iodine 
■solution, a copious kermes-colored precipitate separates j but this also 
disappears again after a time. 

7. Solution of tannic acid produces a copious white precipitate, which 
redissolves upon addition of hydrochloric acid. 

8. If an aqueous solution of nicotina is added to a solution of chloride 
ofinercwryva excess, an abundant, flocculent, white precipitate is formed. 
If solution of chloride of ammonium is now added to the mixture in 
sufficient quantity, the entire precipitate, or the greater part of it, redis-* 
aulve& But the fluid very soon turns turbid, and deposits a heavy white 
precipitates. 

2. CoNiA, or Conine (C^^ H^ N). 

§ 231. 

1. Conia forms a colorless oily liquid, of 0*87 sp. gr. ; the action of 
the air imparts to it a brown tint. In the pure state it boils at aboufi 
392° F. ; when heated in a stream of hydrogen gas, it distils over un- 
altered ; but when distilled in vessels containing air, it turns brown and 
Buffera partial decomposition j with aqueous vapors it distils over freely. 
It dissolves sparingly in water, 100 parts of water of the common tem<- 
perature dissolving 1 part of conia. The solution turns turbid on warm- 
ing. Conia is miscible in all proportions with alcohol and ether. The 
aqueous and alcoholic solutions manifest strong alkaline reaction. Conia 
has a very strong, pungent, repulsive odor, which affects the head, a most 
acrid and disagreeable taste, and very poisonous properties. 

2. Conia is a strong base ; it accordingly precipitates metallic oxide» 
from their solutions, in a similar way to ammonia, and forms salts with 
acids. The salts of conia are soluble in water and in spirit of wine, but 
nearly insoluble in ether. Hydrochlorate of conia crystallizes readily ; 
the smallest quantity of this base, brought in contact with a trace of 
hydrochloric acid, yields almost immediately i^ corresponding quantity 
of non-deliquesceut rlK>mbic crystals (Th. WEBtBEisi). The solutions of 
the salts of conia turn brownish upon evaporation, with partial decom^ 
position of the conia. The dry salts of conia do not smell of the alkaloid ; 
when moistened, they smell only feebly of it ; but upon addition of 
solution of soda, they at once emit a strong conia odor. When salts of 
conia are distilled with solution of soda^ the distillate contains conia. On 
neutralizing this with oxalic acid, evaporating to dryness, and treating the 
residue with spirit of wine, the oxalate of conia formed is dissolTed, 
whilst any oxalate of ammonia that may be present is left undissolved. 
As conLi is only sparingly soluble in water, and dissolves with still 
greater difficulty in solutions of alkalies, a concentrated solution of a salt 
of conia turns milky upon addition of solution of soda. The minute dropa 
which separate unite gradually, and collect on the surface. 

3. If an aqueous solution of a salt of conia is shaken with solution of 
eoda and ether, the conia is dissolved by the ether. If the latter is then 
allowed to evaporate on a watcli-glass, the conia la left in yellowish-colored 
oily drops. 
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4. ConcerUraied nitric add imparts a fine blood-red tint to conia ; 
sulphuric add, a purple-red color, which subsequently turns to olive^ 
green. 

5. Tercldaride of gold produces a yellowish- white precipitate, insoluble 
in hydrochloric acid ; chloride of mercu/ry, a copious white precipitate, 
soluble in hydrochloric acid. Bichloride ofplatinwm does not precipitate 
aqueous solutions of salts of conia, the conia compound corresponding to 
ammonio-bichloride of platinum being insoluble in spirit of wine and 
ether, but soluble in water. 

6. To solution of iodine in iodide of potasdwn and water, and to 
solution of tcmnic add, conia comports itself the same as nicotina. 

7. Chlorine waler produces in a mixture of water and conia a strong, 
white turbidity. 

8. If an aqueous solution of conia is mixed with a solution ofalbumen,^ 
the albumen coagulates. Aniline is the only other volatile vegeto-alkali 
which shows this reaction. 

The volatile alkaloids are easily recognised when pure; the great 
object of the analyst must accordingly always be to obtain them in that 
state. The way of effecting this is the same for nicotia as for conia, 
and has already been given in the foregoing paragraphs, viz., to distil 
with addition of solution of soda, neutralize with oxalic acid, evaporate, 
dissolve in alcohol, evaporate the solution, treat the residue with water, 
add solution of soda, shake the mixture with ether, and let the latter 
evaporate spontaneously. Conia is distinguished from nicotina chiefly by 
its odor, its sparing solubility in water, and its comportment with 
chlorine water, and bichloride of platinum. 

II. Non-volatile Alkaloids. 

The non-volatile alkaloids are solid, and cannot be distilled over with 
water. 

FIRST OBOUP. 

kon-volatile alkaloids which are precipitated by potassa or 
Soda prom the Solutions op their Salts, and redissolvb 

READILY in AN ExCESS OF THE PRECIPITANT* 

Of the alkaloids of which I purpose to treat here, one only belongs to 
this group, viz.^ 

+ 
Morphia, or Morphine (C^H^,NOj = Mo), 

§ 232. 
+ 
1. Crystallized morphia (Mo + 2 aq.) usually appears in the form of 
colorless, brilliant four-sided prisms, or, when obtained by precipitation, 
as a white crystalline powder. It has a bitter taste, and dissolves very 
sparingly in cold, but somewhat more readily in boiling water. Of cold 
alcohol it requires about 90 parts by weight for solution ; of boiling 
alcohol from 20 to 30 parts. The solutions of morphia in alcohol as 
well as in hot water manifest distinctly alkaline reaction. This alkaloid 
is nearly insoluble in ether ; it dissolves in amyl-alcohol in the cold, 
but more freely with the aid of heat. At a moderate heat the crystal- 
lized morphia loses the two equivalents of water. 
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2. Morphia neutralizes acids completely, and forms with them the 
SALTS OF MORPHIA. These salts are readily soluble in water and in 
spirit of wine, but insoluble in ether and amjl-alcohol ; their taste is 
disagreeably bitter. Most of them are crystallizabla 

3. FoUMsa and a/mmania precipitate from the solutions of salts of 

+ 
morphia — ^generally only after some time — Mo + 2 aq., in the form of a 
white crystalline powder. StiiTing and fnction on the sides of the 
vessel promote tlie separation of the precipitate, which redissolves with 
great readiness in an excess of potassa, but more sparingly in ammonia. 
It dissolves also in chloride of ammonium and, though with difficulty 
only, in carbonate of ammonia. 

4. Carbonate of potassa and carboncUe of soda produce the same pre* 
cipitate as potassa and ammonia, but fail to redissolve it upon addition 
in excess. Consequently if a fixed alkaline bicarbonate is added to a 
solution of morphia in caustic potassa, or if carbonic acid is conducted 

+ 
into the solution. Mo + 2 aq. separates,^-especially after previous ebul- 
lition — in the form of a crystalline powder. A more minute inspection, 
particularly through a magnifying glass, shows this powder to consist of 
small acicular crystals ; seen through a glass which magnifies 100 times, 
these crystals present the form of four-sided prisms. 

5. Bica/rhonate of soda and bicarbonate of potassa speedily produce in 
solutions of neutral salts of morphia a precipitate of hydrated morphia, 
in the form of a crystalline powder. The precipitate is insoluble in an 
excess of the precipitants. These reagents fail to precipitate acidified 
solutions of salts of morphia in the cold. 

6. The action of strong nitric acid upon morphia or one of its salts, 
in the solid state or in concentrated solutions, produces a fluid varying 
from red to yellowish-red. Dilute solutions do not change their color 
upon addition of nitric acid in the cold, but upon heating they acquire a 
yellow tint. 

7. If morphia or a compound of morphia is treated with pure concen- 
trated sulphtmc add, and heat applied, a colorless solution is obtained ; 
if, after cooling, 8 to 20 drops of sulphuric acid mixed imth some nitric 
acid* are added, and 2 or 3 drops of water, the fluid acquires a violet- 
red coloration (gentle heating promotes the reaction) ; and if from 4 to 
6 clean lentil-sized fragments of binoxide of manganese are now added, 
or a fragment of ckromate of potassa (Otto), the fluid acquires an intensely 
mahogany-brown color. If the flaid is then diluted with 4 parts of 
water, properly cooled in a test tube, and ammonia added until the 
reaction is almost neutral, a dirty -yellow color makes its appearance, 
which turns brownish red upon supersaturation with ammonia, without 
depositing an appreciable precipitate (I. Erdmann). 

8. Neutral sesguicldoride of iron imparts to neutral solutions of salts 
of morphia a beautiful dark blue color, which disappears upon the 
addition of an acid. If the solution contains an admixture of animal or 
vegetable extractive matters, or of acetates, the color will ap{)ear clouded 
and let<s distinct. 

9. If iodic acid is added to a solation of morphia or of a salt of 

* Mix 6 drops of nitric acid of 1 '25 sp. gr. with 100 cubic centimetres of water, 
and add 10 drops of this mixture to 20 grAmmea of pure concentrated sulphuric acid. 
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morphia, iodine separates. In concentrated aqueous solutions the sepa- 
rated iodine appears as a kermes-brown precipitate, whilst to alcoholic 
and dilute aqueous solutions it imparts a brown or yellowish-brown 
color. The addition of starch-paste to the fluid, no matter whether 
made before or after that of the iodic acid, considerably heightens, the 
delicacy of the reaction, since the blue tint of the iodide of stai^ch 
remains still perceptible in exceedingly dilute solutions, which is not the 
case with the brown color imparted by iodina As other nitrogenous 
bodies (albumen, case'ine, fibrine, &c.) likewise reduce iodic acid, this 
reaction has only a relative Talue ; however, if ammonia is added after 
the iodic acid, the fluid becomes cojiorless if the separation of iodine has 
been caused by other substances, whilst the coloration becomes much 
more intense if it is owing to the presence of m(»phia (Lefort).* 

beoond qroup. 

Non-volatile Alkaloids which are precipitated by Potassa from 
THE Solutions op their Salts, but do not redissolve to a per- 
ceptible Extent in an Excess of the Precipitant, and are pre- 
cipitated BY Bicarbonate op Soda even from Acid Solutions, 
if the latter are not diluted in a larger proportion than 1 : 100 ; 
Karcotina, Quina, Cinchonia. 

+ 
a. Narcotina, or Narcotinb (C^H„NOj^ = Na), 

§ 233. 
+ 

1. Crystallized narcotina (Na + aq.) appears usually in the form of 
colorless, brilliant, straight rhombic prisms, or, when precipitated by 
alkalies, as a white, loose, crystalline powder. It is insoluble in water. 
Alcohol and ether dissolve it sparingly in the cold, but somewhat more 
readily upon heating. Solid narcotina is tasteless, but the alcoholic and 
ethereal solutions are intensely bitter. Narcotina does not alter vege- 
table colors. At 338° F. it fuses, with loss of 1 eq. of water. 

2. Narcotina dissolves readily in acids, combining with them to salts. 
These salts have invariably an add reaction. Those with weak acids 
are decomposed by a large amount of water, and, if the acid is vola- 
tile, even upon simple evaporation. Most of the salts of naix5otine are 
amorphous, and soluble in water, alcohol, and ether ; they have a bitter 
taste. 

3. Pure cdkalies, and alkaline carbonates and bicarhonates, immediately 

+ 
precipitate from the solutions of 'salts of narcotine Na -i- aq. in the form 
of a white powder, which, seen through a leus niugnifying 100 times, 
appears an aggregate of small crystalline needles. The precipitate is in- 
soluble in an excess of the precipitants. If solution of narcotina is 
mixed with ammonia, and ether added in sufficient quantity, the nar- 

* Lefobt (Zeitscbrift f. anal Chem. I., 134) recommends the following method 
for the detection of small quantities of morphia : moisten strips of very white unsized 
paper with the morphia solutioB, dry, and repeat the operation several times, so as to 
ensure absorption by the paper of a tolerably large quantity of the fluid ; the dried 
paper contains the morphia in the solid state, most finely divided. Nitric acid, sesqui- 
chloride of iron, and iodic acid and ammonia will readily and with positive distinctness 
show the characteristic reactions on paper so prepared. 
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cotine which has separated upon the addition of the ammonia, redissolves 
in the ether, and the clear fluid presents two distinct layers. If a drop 
of the ethereal solution is evaporated on a watch-glass, the residue is 
seen, upon inspection through a lens magnifying a hundred times, to 
consist of small, distinct, elongated, and lance-shaped crystals. 

4. Concentrated nitric acid dissolves narcotine to a colorless fluid, 
which acquires a pure yellow tint upon application of heat. 

5. If a small quantity of pure narcotine is treated with from 4 to 6 
drops of pure concentrated sulphuric acid, no coloration is observed, not 
even on the application of a gentle heat, or, at least, the heated fluid 
acquires only a barely perceptible yellow tint, but upon adding now, af^r 
cooling, from S to 20 drops of sulphuric acid mixed with a Uttle nitric 
acid (see foot-note to § 232, 7, page 319), and 2 or 3 drops of water, the 
fluid acquires an intense red color. Addition of binoxide of manganese 
does not materially change the color. I^ after dilution, ammonia is added 
to nearly neutral reaction, the color becomes less intense, in consequence 
of the dilution. Addition of ammonia in excess produces a copious 
dark brown precipitate (J. Erdmann). 

6. If the solution of a salt of narcotine is mixed with cJdorins water, 
it acquires a yellow color, slightly inclining to green ; if ammonia is 
then added, a much more intensely colored yellowish-red fluid is 
obtained. 

7. If narcotine or one of its salts is dissolved in an excess of dilute 
sulphuric addf some finely levigated binoxide of manganese added, the 
mixture heated to boiling, and kept in ebullition Ibr the space of several 
minutes, the' narcotine absorbs oxygen and is qpnverted into opianie 
acid, cotamine (a base soluble in water), and carbonic acid. Ammonia 
will now of course fail to precipitate narcotine from the filtrate. 

+ 
b. QuiNA, or Quinine (0^Hj^N,O^ = Q). 

§234. 
+ 

1. Crystallized quina (Q + 6 aq.) appears either in the form of fine 
crystalline needles of silky lustre, which are frequently aggregated into 
tufts,^|L as a loose white powder. It is sparingly soluble in cold, but 
some j^Bf more readily in hot water. It is readily soluble in spirit of 
wine, viRi cold and hot, but less so in ether. The taste of quina is in- 
tensely bitter ; the solutions of quina manifest alkaline reaction. Upon 
exposure to heat it loses the 6 eq. of water. 

2. Quina neutralizes acids completely. The salts taste intensely 
bitter; most of them are crystal! izable, difficultly soluble in cold, 
readily soluble in hot water and in spirit of wine. The acid salts 
dissolve very freely in water ; the solutions reflect a bluish tint. If 
a cone of light is thrown into them, by means of a lens either hori- 
sontally or vertically, a blue cone of light is seen even in highly dilute 
solution. 

3. Fotassa, ammoniay and the neutral ca/rbonates qfflte alhaUes produce 
in solutions of salts of quina (if they are not too dilute) a white, loose, 
pulverulent precipitate of hydrated quina, which immediately after pre- 
cipitation appears opaque and amorphous under the microscope, but 
assumes, after the lapse of some time, the appearance of an aggregate of 
crystalline needles. The precipitate redissolves only to a scarcely per- 

L Y 
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ceptible extent in an excess of potassa, but more so in ammonia. It 
is hardly more soluble in fixed alkaline carbonates than in pure water. 
If a solution of quina is mixed with ammonia, ether added, and the 
mixture shaken, the quina which has separated upon the addition of the 
ammonia, redissolves in the ether, and the clear fluid presents two dis^ 
tinct lajers. In this point quina differs essentiallj from cinchonia ; by 
means of this reaction the former may therefore be readily detected in 
presence of the latter, and separated from it. 

4. Bicarbonate of soda also produces both in neutral and acid solutions 
of salts of quina a white precipitate. In acidified solutions containing 1 
part of quina to 100 parts of acid and water, the precipitate forms im- 
mediately ; — if the proportion of the quina to the acid and water is 
as 1 : 150, the precipitate separates only after an hour or two, in the 
form of distinct needles, aggregated into groups. If the proportion is as 
1 : 200, the fluid remains clear, and it is only after from twelve to 
twenty-four hours' standing that a slight precipitate makes its appear- 
ance. The precipitate is not altogether insoluble in the precipitant, and 
the separation is accordingly the more complete the less the excess of 
the precipitant ; the precipitate contains carbonic acid. 

5. Concentrated nitric acid dissolves quina to a colorless fluid, turning 
yellowish upon application of heat. 

6. The addition of chlorine toater to the solution of a salt of quina 
&il8 to impart a color to the fluid, or, at least, imparts to it only a very 
faint tint ; but if ammonia is now abided, the fluid acquires an intense 
emerald-green color. If, after the addition of the chlorine water, some 
solution of /errocycmide of potassium is added, then a few drops of 
ammonia or some other alkali, the fluid acquires a magnificent deep red 
tint, which, however, speedily changes to a dirty brown. This reaction 
is delicate and characteristic. Upon addition of an acid* to the red fluid, 
the color vanishes, but reappears afterwards upon cautious addition of am- 
monia. (O. LivoNius, communicated in a letter to the author ; A. Yooel.) 

7. Concentrated sulpku/ric acid likewise dissolves pure quina and pure 
salts of quina to a colorless or very faint yellowish fluid ; application of 
a gentle heat turns the fluid yellow, application of a stronger heat 
brown. Sulphuric acid containing an admixture of nitric acid dissolves 
quina to a colorless or veiy faint yellowish fluid. ^^ 

8. Ab regards Hera path's quinine reaction, based upon t^^Blariz- 
iiig properties of sulphate of iodide of quinine, I refer to Fm^ Mag, 
vi. 171. 

+ 
c Cinchonia, or Cinchonink (C^II^N',0, = Ci). 

§235. 

1. Cinchonia appears either in the form of transparent, brilliant, four- 
sided prisms, or fine white crystalline needles, or, if precipitated 
from concentrated solutions, as a loose white powder. At firat it is 
tasteless, but after some time the bitter taste of the bark becomes per> 
ceptible. It is nearly insoluble in cold water, and dissolves only with 
extreme difficulty in hot water ; it dissolves sparingly in cold dilute spirit 
of wine, more readily in hot spirit of wine, and the most freely in abso- 
lute alcohol. From hot alcoholic solutions the greater portion of the 
dissolved cinchonia separates upon cooling in a crystalline form. Solu- 

* Acetic acid answers the purpose best. 
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tions of cinchonia taste bitter, and manifest alkaline reaction. Oin- 
chooia is insoluble in etber.* 

2. Cinchonia neutralizes acids completely. The salts have the bitter 
taste of the bark ; most of them are crystallizable : they are generally 
more readily soluble in water and in spirit of wine than the corvespond- 
ing quina compounds. Ether fails to dissolve them. 

3. Cinchonia, when heated cautiously, fuses at first without loss of 
water ; subsequently white fumes arise which, like benzoic acid, condense 
upon cold substances, in the form of small brilliant needles, or as a loose 
sublimate, a peculiar aromatic odor being exhaled at the same time. If 
the operation is conducted in a stream of hydrogen gas, long brilliant 
prisms are obtained (Hlasiwetz). 

4. Fotassa, amTnonia, and the neutral ca/rhoTuUes of the alkalies 'prodrxa^ 
in solutions of salts of cinchonia a white loose precipitate of cinchonia, 
which does not redissolve in an excess of the precipitants. If the solu- 
tion was concentrated, the precipitate does not exhibit a distinctly 
crystalline appearance, even though viewed through a lens magnifying 
200 times ; but if the solution was so dilute that the precipitate formed 
only after some time, it appears under the microscope to consist of dis- 
tinct crystalline needles aggregated into star-shaped tufts. 

5. BicarharuUe of soda and bica/rbonate ofpotassa precipitate cinchonia 
in the same form as in 4, both from neutral and acidified solutions of 
cinchonia salts, but not so completely as the simple carbonates of the 
alkalies Even in solutions containing 1 part of cinchonia to 200 of water 
and acid, the precipitate forms immediately ; its quantity increases after 
standing some time. 

6. Concentrated sulphuric acid dissolves cinchonia to a colorless fluid, 
which upon application of heat first acquires a brown, and finally a black 
color. Addition of some nitric acid leaves the solution colorless in the 
cold, but upon application of heat the fluid, after passing through the 
intermediate tints of yellowish-bi*own and brown, turns finally black. 

7. The addition of chlorine water to the solution of a salt of cinchonia 
fails to impart a color to the fluid ; if ammonia is now added, a yel- 
lowish-white precipitate is formed. 

8. If the solution of a cinchonia salt containing only very little or no 
free acid, is mixed with ferrocyanide of potassium, a flocculent pre- 
cipitant of ferrocyanide of cinchonia is formed. If an excess of the pre- 
cipitant is added, and a gentle heat very slowly applied, the precipitate 
dissolves, but separates again upon cooling, in brilliant gold-yellow 
scales, or in long needles, often aggregated in the shape of a fkn. With 
the aid of the microscope, this reaction is as delicate as it is characteristic 
(Ch. Dollfus : Bill ; Seuosohn). 

Recapitulation and Remarks. 

§ 236. 

f The non- volatile alkaloids of the second group are altered or precipi- 
tated by various other reagents besides those mentioned above ; the re- 
actions are, however, not adapted to effect their individual detection and 
separation. Thus, for instance, bichloride of platinum produces in 
solations of the scdts of the three alkaloids belonging to this group a 

* The cinchonia of commerce usually contains in admixture another alkaloid, called 
cinchotina, which is soluble in ether. This alkaloid crystallizes in large rhomboidal 
crystals of brilliant lustre, which fuse at a high temperature, and cannot be sublimed, 
even in a stream of hydrogen gas (Hlasiwktz). 

Y 2 
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yellowish-wbite precipitate, cbloride of mercury a white precipitate, 
tincture of galls a yellowiBh-white flocculent precipitate, Bolutiou of 
iodine in iodide of potassium a reddish-brown, pbospho-molybdic acid a 
yellow precipitate, <fec. 

Narcotina and quina being soluble in ether, whilst cinchonia is inso- 
luble in that menstruum, the two former alkaloids may be most readily 
separated by this means from the latter. For this purpose the analyst 
need simply mix the aqueous solution of the three alkaloids with am- 
monia in excess, then add ether, and separate the solution of quina and 
narcotine from the undissolved cinchonia. If the ethereal solution is 
now evaporated, the residue dissolved in hydrochloric acid and a suffi- 
cient amount of water to make the dilution as 1 : 200, and bicarbonate 
of soda is then added, the narcotina precipitates, whilst the quina remains 
in solution. By evaporating the solution, and treating the residue with 
water, the quina is obtained in the free state.* 

third grou^. 

Non-volatile Alkaloids which are precipitated by Fotassa from 
THE Solutions of their Salts, and do not redissolve to a per- 
ceptible Extent in an Excess of the Precipitant ; but are not 
PRECIPITATED FROM (even somewhat concentrated) Acid Solutions by 
the Bioarbonates of the Fixed Alkalies: Strychnia, Brucia, 
Yeratria. 

a. Strychnia., or Strychnine (C^H^N,0^ = Sr). 

§ 237. 

1. Strychnia appears either in the form of white brilliant rhombic 
prisms, or, when produced by precipitation or rapid evaporation, as a 
white powder. It has an exceedingly bitter taste. It is nearly inso- 
luble in cold, and barely soluble in hot water. It is almost insoluble in 
absolute alcohol and ether, and only sparingly soluble in dilute spirit of 
wine. It dissolves freely in amyl-alcohol, more especially with the aid 
of heat. It does not fuse when heated. It is exceedingly poisonous. 

2. Strychnia neutralizes acids completely. The salts of strychnia are, 
for the most part, crystallizable ; they are soluble in water. All the salts of 
strychnia have an intolerably bitter taste and are exceedingly poisonous. 

3. Fotassa and carbonate of soda produce in solutions of salts of 
strychnia white precipitates of strychnia, which are insoluble in an 
excess of the precipitauts. Viewed under a microscope magnifying one 
hundred times the precipitate appears as an aggregate of small crystalline 
needles. From dilute solutions the strychnia separates only after the 
la|)8e of some time, in the form of crystalline needles, which are distinctly 
visible even to the naked eye. 

4. Ammonia produces the same precipitate as potassa. The preci- 

* The reaction with ammonia and ether, though well adapted to effect the separation 
of quina from dnchonine, fails to effect the separation of the former vegeto-alkali from 
the other hases found in bark, which are not as yet officinal, viz., a quinidine, fi quini- 
dine, y quinidine, and cinchouidine ; since, as G. Ksbneb (Zeitschrift f. analyt. Ghem., 
1, 150) has shown, several of these other vegeto-alkalies are pretty freely soluble in ether. 
In fact, no qualitative reaction will enable the analyst to fully effect this purpose ; but 
it may be accomplished by means of a simple volumetrical method, based upon the 
circumstance that the quina thrown down by ammonia irom a solution of the sulphate, 
requires less ammonia to redissolve it than all the other vegeto- alkalies of the. bark. 
For further particulars I refer to EIebneb's paper on the subject. 
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pitate redissolyes in an excess of ammonia ; but after a short time— or if 
the solution is highly dilute, after a more considerable lapse of time— the 
strychnia crystallizes from the ammoniacal solution in the form of needles, 
which are distinctly visible to the naked eye. 

5. Buxvrhonate of soda produces in neutral solutions of salts of strytshnia 
a precipitate of strychnia, which separates in i^ne needles shortly after 
the addition of the reagent, and is insoluble in an excess of the preci- 
pitant. But upon adding one drop of acid (so as to leave the fluid still 
alkaline), the precipitate dissolves readily in the liberated carbonic acid. 
The addition of bicarbonate of soda to an acid solution of strychnia causes 
no precipitation, and it is only after the lapse of twenty-four hours, or 
even a longer period, that strychnia crystallizes from the fluid in distinct 
prisms, in proportion as the free carbonic acid escapes. If a concentrated 
solution of strychnia, supersaturated with bicarbonate of soda, is boiled 
for some time, a precipitate forms at once ; from dilute solutions this 

.precipitate separates only after concentratioiL 

6. Srdphocycmide ofpotassiwm, produces in concentrated solutions of 
salts of strychnia immediately, in dilute solutions after the lapse of some 
time, a white crystalline precipitate, which appears under the microscope 
as an aggregate of flat needles, truncated or pointed at an acute angle, 
and is but little soluble in an excess of the precipitant. 

7. Chloride ofmercfwry produces in solutions of salts of strychnia a 
white precipitate, which changes after some time to crystalline needles, 
aggregated into stars, and distinctly visible through a lens. Upon heating 
the fluid these crystals redissolve, and upon subsequent cooling of the 
solution the double compound recrystallizes in larger needles. 

8. If a few drops of pure c&nc&nJbraXed siUphnric acid are added to a 
little strychnia in a porcelain dish, solution ensues, without coloration of 
the fluid. If small quantities of oxidizing agents (chromate of potassa, 
permanganate of potassa, ferricyanide of potassium, peroxide of lead, 
binoxide of manganese) are now added — ^best in the solid form, as dilution 
is prejudicial to the reaction — ^the fluid acquires a magnificent blue- 
violet color, which, after some time, changes to wine-red, then to reddish- 
yellow. With chromate of potassa and permanganate of potassa the 
reaction is immediate ; on inclining the dish, blue violet strei^s are seen 
to flow from the salt fragment, and by pushing the latter about, the 
coloration is soon imparted to the entire fluid. With ferricyanide of 
potassium the reaction is less rapid ; but it is slowest with peroxides. 
The more speedy the manifestation of the reaction the more rapid Ib also 
the change of color from one tint to another. I prefer chromate of 
potassa, recommended by Otto, or permanganate of potassa, recommended 
by Guy, as the most sensitive, to all other oxidizing agents. JaRDAX 
succeeded, with chromate of potassa, in distinctly showing the presence 
of 3ir^^nrth grain of strychnia. J. Erdm ANN prefers binoxide of man- 
ganese in lentil-sized fragments. Metallic chlorides and considerable 
quantities of nitrates, also large quantities of organic substances, prevent 
the manifestation of the reaction or impair its delicacy. It is therefore 
always advisable to free the strychnia &:«t, as &r as practicable, from all 
foreign matters before proceeding to try this reaction. If the solution 
colored red (by binoxide of manganese) b mixed with from 4 to 6 times 
its volume of water, and ammonia is then added until the reaction ia 
nectrli/ neutral, the fluid shows a magnificent violet-purple tint ; upon 
addition of more ammonia the color becomes yellowish-green to yellow 
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(J. Ebdmann). I Lave founds however, that this reaction is seen only 
where larger, though still very minute, quantities of strychnia are 
present. 

9. Strong Morine toater produces in solutions of salts of strychnia a 
white precipitate, which dissolves in ammonia to a colorless fluid. 

10. Concentrated nitric acid dissolves strychnia and its salts to a color- 
less fluid, which turns yellow upon the application of heat. 

+ 
5. Bbucia, or Brucine (C^ H^ N, 0, = Br). 

§ 238. 
+ 

1. Crystallized brucia (Br + 8 aq.) appears either in the form of trans- 
parent straight rhombic prisms, or in that of crystalline needles aggre- 
gated into stars, or as a white powder composed of minute crystalline 
scales. Brucia is difficultly soluble in cold, but somewhat more readily ^ 
in hot water. It dissolves freely in alcohol, both in absolute and dilute 
also in cold, but more readily still in hot, amyl-alcohol ; but it is almost 
insoluble in ether. Its taste is intensely bitter. When heated, it fuses 
with loss of its water of crystallization. 

2. Brucia neuti*alizes acids completely. The salts of brucia are readily 
soluble in water, and of an intensely bitter taste. Most of them are 
crystallizable. 

3. PotassaKti^ ca/rhonate of soda throw down from solutions of salts 
of brucia a white precipitate of brucia, which is insoluble in an excess 
of the precipitant. Viewed under the microscope, immediately after pre- 
cipitation, it appears to consist of very minute grains ; but upon further 
inspection, these grains are seen — with absorption of water — to suddenly 
form into needles, which latter subsequently arrange themselves without 
exception into concentric groups. These successive changes of the pre- 
cipitate may be traced distinctly even with, the naked eye. 

4. Am^nonia produces in solutions of salts of brucia a whitish pre- 
cipitate, which appears at first like a number of minute drops of oil, but 
changes subsequently — with absorption of water — to small needles. The 
precipitate redissolves, immediately after separation, very readily in an 
excess of the precipitant ; but after a very short time— or, in dilute 
solutions, after a more considerable lapse of time — the brucia, combined 
with crystallization water, crystallizes from the ammoniacal fluid in 
small concentrically grouped needles, which addition of ammonia fails to 
redissolve. 

5. Bicarbonate of soda produces in neutral solutions of salts of brucia 
a precipitate of brucia, combined with crystallization water ; this pre- 
cipitate separates after the lapse of a short time, in form of concentrically 
aggregated needles of silky lustre, which are insoluble in an excess of 
the precipitant, but dissolve in free carbonic acid (compare strychnia). 
Bicarbonate of soda fedls to precipitate acid solutions of salts of brucia ; 
and it is only after the lapse of a considerable time, and with the escape 
of the carbonic acid, that the alkaloid separates from the fluid in regular 
and comparatively large crystals. 

6. Concentrated nitric acid dissolves brucia and its salts to intensely 
red fluids, which subseqaently acquire a yellowish-red tint, and turn 
yellow upon application of heat. Upon addition of protochloride of tin 
or sulphide jof ammonium to the heated fluid, no matter whether 
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concentrated or after dilution with water, the faint yellow, color changes 
to a most intense violet 

7. If a little bracia is treated with from 4 to 6 drops of pure concenr- 
Prated atdphuric acid, a solution of a faint rose color is obtained, which 
afterwards turns yellow. If from 8 to 20 drops of sulphuric acid mixed 
with some nitric a^yid (see foot-note to § 232, 7, page 319) are added, 
the fluid transiently acquires a red, afterwards a yellow color. Addition 
of binoxide of manganese transiently im|>art8 a red, then a gamboge tint 
to the fluid. If the fluid is then, with proper cooling, diluted with 4 
parts of water, ammonia added to nearly neutral reaction, or even to 
alkaline reaction, the solution acquires a gold-yellow color (J. Ebdmann). 

8. Addition of chlorine water to the solution of a salt of brucia imparts 
to the fluid a fine bright red tint ; if ammonia is then added, the red 
color changes to yellowish-brown. 

9. Sulphocyamde qfpotaasiwm produces in concentrated solutions of 
salts of brucia immediately, in dilute solutions after some time, a granular 
crystalline precipitate, which, when viewed under the microscope, 
appears composed of variously aggregated polyhedral crystalline grains. 
Friction applied to the sides of the vessel promotes the separation of the 
precipitate. 

10. Chloride of mercury also produces a white granular precipitate, 
which, when viewed under the microscope, appears composed of small 
roundish crystalline grains. ^ 

c, Veratria, or Veratrine (C,^ H„ N, 0„) Ve. 

§ 239. 

1. Yeratria appears in the form of small prismatic crystals, which 
acquire a poroehun-like look in the air, or as a white or yellowish- white 
powder of acrid and burning, but not bitter taste ; it is exceedingly 
poisonous. Yeratria acts with great energy upon the membranes of the 
nose ; even the most minute quantity of the powder excites the most 
violent sneezing. It is insoluble in water ; in alcohol it dissolves readily, 
but more sparingly in ether. At 239° Fah. it fuses like wax, and solidi- 
fies upon cooling to a transparent yellow mass. 

2. Yeratria neutralizes acids completely. Some salts of veratria are 
crystallizable, others dry up to a gummy mass. They are soluble in 
water, and have an acrid and burning taste. 

3. Fotassa, arnvnonia, and the mono-carbonates of the alkalies produce in 
solutions of salts of veratria a flocculent white precipitate, which, viewed 
under the microscope, immediately after precipitation, does not appear 
crystallina After the lapse of a few minutes, however, it alters its 
appearance, and small scattered clusters of short prismatic crystals are 
observed, instead of the original coagulated flakes. The precipitate does 
not redissolve in an excess of potassa or of carbonate of potassa. It is 
slightly soluble in ammonia in the cold, but the dissolved portion sepa- 
rates again upon a2)plication of heat. 

4. With bicarbonMe of soda and bicarbonate of potassa the salts of 
veratria comport themselves like those of strychnia and brucia. How- 
ever, the veratria separates readily upon boiling, even from dilute 
solutions. 

5. If veratria is acted upon by concentrated nitric add, it agglu- 
tinates into small resinous lumps, which afterwards dissolve slowly iu 
the acid. If the yeratria is pure the solution is colorless. 
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' 6. If veratria is treated with concentrcUed mlphwnh add, it also 
agglutinates at first into small resinous lamps ; but these dissolve with 
great readiness to a &int yellow fluid, the color of which gradually 
increases in depth and intensity, and changes afterwards to a reddish- 
yellow, then to an intense blood-red. The color persists 2 or 3 hours, 
then disappears gradually. Addition of sulphuric acid, containing nitric 
acid, or of binoxide of manganese causes no great change of color. 
If the fluid is then diluted with water, and ammonia added until the 
reaction is nearly neutral, a yellowish solution is obtained, in which 
ammonia added in excess produces a greenish light-brown precipitate 
(J. Erdkann). 

7. Sulpkoci/amde of potctssium produces only in concentrated solutions 
of salts of veratria flooculent-gelatinous precipitates. 

8. Addition of chlorine-water to the solution of a salt of veratria 
imparts to the fluid a yellowish tint, which, upon addition of ammonia^ 
changes to a faint brownish color. In concentrated solutions chlorine 
produces a white precipitate. 

Recapitrdation and Remarks, 
§ 240. 

The alkaloids of the third group also are precipitated by many other 
reagents besides those above-mentioned, as, for instance, by tincture of 
galls, bichloride of platinum, solution of iodine in iodide of potassium, 
phosphomolybdic acid, <fea But as these reactions are common to all, 
they are of little importance in an analytical point of view.* 

Strychnia may be separated from brucia and veratria by means of 
absolute alcohol, since it is insoluble in that menstruum, whilst the two 
latter alkaloids readily dissolve in it The identity of strychnia is best 
established by the reaction with sulphuric acid and the above-mentioned 
oxidizing agents ;f also by the form of its crystals — when thrown down 
by alkalies — \dewed under the microscope ; and lastly, by the form of 
the precipitate which sulphocyanide of potassium and chloride of mercury 
produce in solutions of its salts. Brucia and veratria are not readily 
separated from one another, but may be detected in presence of each 
other. The identity of brucia is best established by the reactions with 
nitric acid and protochloride of tin or sulphide of ammonium, or by the 
form of the crystalline precipitate which ammonia produces in solutions 
of salts of brucia. Yeratria is sufficiently distioguished. from brucia 
and the other alkaloids which we have treated of, by its characteristic 
deportment at a gentle heat, and also by the form of the precipitate 
which alkalies produce in solutions of its salts. To distinguish veratria 
in presence of brucia, the reaction with concentrated sulphuric acid is 
selected. 

* If the precipitate produced in the solution of a salt of stiychnia by iodide of potas* 
sium containing iodine is dissolved in spirit of wine mixed with some sulphuric acid, 
and the solution is evaporated, strongly polarizing prismatic ciystals of sulphate of 
iodide of strychnia are obtained. De Vbij and Yan deb Bubg (Jahresber v. Lie^io 
and KoFF, 1857, 602). Whether this reaction is characteristic for strychnia, can be 
known only after the optical properties of analogous compounds of the other alkaloids 
sliall have been studied. 

i* The only substance which shows somewhat analogous reactions in this respect, is 
aniline. A. Gut has, however, called attention to the fact that aniline, treated with 
MQlphuric acid and oxidizing agents, acquires a pale green color at first, which gradually 
dt^epens, and only then changes to a magnificent blue, which, after persisting some time^ 
turns finally black. 
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To these alkaloids I will add mlicine, althongli this substance does not 
properly belong to the same class of chemical compounds. 

§ 241. 
Salicinb (C,.H,,0J. 

1. Salicine appears either in the form of white crystalline needles and 
scales of silky lustre, or, where the crystals are very small, as a powder 
of silky lustre. It has a bitter taste, is readily soluble in water and in 
alcohol, but insoluble in ether. 

2. Ko /eagent precipitates salicine as such. . 

3. If saliodne is treated with concentrated sutphtmc add, it aggluti- 
nates into a resinous lump, and acquires an intensely blood-red color, 
without dissolving in the acid ; the color of the sulphuric acid is at 
first unaltered. 

4. If an aqueous solution of salicine is mixed with hydrochloric add 
or dUute stdphv/ric add, and the mixture boiled for a short time, the 
fluid suddenly becomes turbid, and deposits a fine granular crystalline 
precipitate (saliretiue). 

Ststtematio Coubsb for the Deteotion of the Alkaloids treated 

OF IN THE PRECEDING PARAGRAPHS, AND OF SaLICINE. 

The analytical course which I am now about to describe is based upon 
the supposition that the analyst has to examine a concentrated aqueous 
solution — effected by the agency of an acid — of one or several of the 
non-volatile alkaloids, which solution is free from any admixture of sub« 
stances that might tend to obscure or modify the reactions. For the 
modifications which the presence of coloring or extractive matters, &c., 
requires, I refer to § 244. 

I. Detection of the Alkaloids, and of Salicine, in Solutions 

SUPPOSED TO CONTAIN ONLY ONE OF THESE SUBSTANCES.* 

§242. 

1. Add dilute solution of potassa or soda, drop by drop, to a portion 
of the aqueous solution until the fluid acquires a scarcely perceptible 
alkaline reaction ; stir, and let the fluid stand for some time. 

a. No PRECIPITATE IS FORMED ; this proves the total absence of the 
alkaloids, and indicates the presence of salicine. To set all doubt 
at rest, test the original substance with concentrated sulphuric acid, 
and also with hydrochloric acid. Compare § 241. 

b, A precipitate is formed. Add solution of potassa or soda^ drop 
by drop, until the fluid manifests a strongly alkaline reaction. 

* Where tbe detection of one of the five more frequently ooourring poisonous alka- 
loids alone is the object, the following simple method, devised by J. Ebdmann, will 
fully answer the purpose. 

In this method, which is more especially applicable in cases where the disposable quan- 
tity of substance is very small, the alkaloids are supposed to be present in the pure 
state and in the solid form. 

1. Treat the substance under examination with from 4 to 6 drops of pore conoen- 
trated sulphuric acid. 

Yellow color, speedily changing to red : Vbbatria. 

Knse color, chaiiging afterwards to yellow : Bbuoia. 

The other alkaloids, if pure, impart no color to the sulphuric acid. 

2. No matter wheilier ihere is color or not ; add to the fluid obtained in 1 frx>m 8 to 
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a. The precipitate redissolves : iiaRPHiA. To arrive at a posi- 
tive conclusion on this point, test another portion of the solution 
with iodic acid (§ 232, 9V and a portion of the original substance 
with sulphuric acid, &c, ($ 232, 7). 

p. The precipitate remains undisaolved :. Presence of an alkaloid 
of the second or third group. Pass on to 2. 

2. Add to a second portion of the original solution two or three drops 
of dilute sulphuric acid, then a saturated solution of bicarbonate of 
soda until the acid reaction is just neutralized; vigorously rub the 
inside of the vessel, and allow the mixture to stand for half an hour. 

a. No PRECIPITATE IS PBODUGED : Absence of narcotine and dnchonia. 
Pass on to 3. 

6. A PRECIPITATE IS FORKED : Narcotina, cinchonia, and perhaps also 
quina^ as the precipitation of the latter substance by bicarbonate of soda 
depends entirely upon the degree of dilution of the fluid. Add to a 
portion of the original solution ammonia in excess, then a sufficient 
quantity of ether, and shake the mixture. 

a- 2%e precipitate which /orma at first tipon the addition of the 
ammonia redissolves m the ether, cmd the dea/r fiuid presents tioo 
distinct layers : narcotina or quina. To distinguish between the 
two, test a fresh portion of the original solution with chlorine 
water and ammonia. If the solution turns green, quina, if yel- 
lowish-red, NARCOTINE is present. The reaction with a mixture of 
sulphuric acid and nitric acid (§ 233, 5) is resorted to as a con- 
clusive test 

0. The precipitate which forms upon the addition of cmimonia 
does not redissolve in the ether — cinchonia. The deportment of 
cinphonia at a high temperature (235, 3), or the reaction with 
ferricyanide of potassium (§ 235, 8), may serve as a conclusive 
test. 

3. Put a portion of the original substance, or of the residue remaining 

20 drops of concentrated sulphuric acid mixed with nitric acid (see foot-note to § 232, 7, 
page 819), then 2 or 3 drops of water. After a quarter or half-hour the fluid shows : 

a, a violelrred color : Morphia ; 

b, an onion-red color: Nabcotina; 

c, a transient-red tint, changing to yellow : Bbucia ; 

d, the red color of the sulphuric acid solution of Veratbia is not materially altered ; 

e, with STBTCHNIA no coloration is observed. 

8. Put into the fluid obtained in 2, no matter whether colored or not, from 4 to 6 
clean fragments of binozide of manganese, of the size of a lentil. After an hour the 
fluid shows : 
• a. a mahogany-brown color : Mobphia ; 

6. a yellowish-red to blood-red color : Nabootina ; 

c. a transient purple-violet tint, changing to deep onion-red : Stbtohnia ; 

d. a transientred tint, changing to gamboge-yellow : Bbucia ; 

e. a dark dirty cherry-red color : Yebatbia. 

4. Pour the colored fluid obtained in 8, into a test tube containing 4 times the 
volume of water, and add ammonia until the neutralization point is almost attained. 
Heat must be as much as possible avoided in these opei-ations. 

a. dirty-yellow color, changing to brownish-red upon supersaturation with ammonia, 
without immediate deposition of a notable precipitate : Mobphia ; 

6. reddish coloration, more or less intense according to the degree of dilution ; upon 
supersaturation with ammonia, copious dark-brown precipitate : Nabcotina ; 

c. violet-purple colored solution, becoming yellowish-green to yellow upon addition 
of ammonia in excess : Stbtchnia. 

d. gold- yellow solution, not materially changed by excess of ammonia : Bbucia ; 

e. faint brownish solution, turning yellowish upon further addition of ammonia, and 
dlepositing a greenish light-brown precipitate : Ye&atbia. 
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upon tbe evaporation of the solution, on a watch-glass, and treat 
with concentrated sulphuric acid. 

a. A rose-coloured solution is obtained, which becomes intensely red 
upon addition of nitric add : brugia. The reaction with nitric acid 
and protochloride of tin is resorted to as a conclusive test (§ 238, 6). 

b. A yellow solution is obtained, the color of which gradually changes 
to yellowish-red, then to blood-red, and turns finally crimson : veratria. 

c. A colorless fluid is obtained, which remains colorless after standing 
for some time. 

Add to the fluid a fragment of chromate of potassa ; if this imparts to 
it a deep blue color, strychnia is present ; if it leaves the fluid un- 
altered, QUiNA is present. The reaction with chlorine water and ammo- 
nia is resorted to as a conclusive test. 

IL Detection of the Alkaloids, and of Salicine, in Solutions 

SUPPOSED to contain SEVERAL OR ALL OF THESE SUBSTANCES. 

§243. 

1. Add to a portion of the aqueous solution dilute solution of potassa 
or soda, drop by drop, until the fluid acquires a scarcely perceptible alka- 
line reaction ; stir, and let the fluid stand for some time. 

a. No PRECIPITATE IS FORMED; this proves the total absence of the 
alkaloids, and indicates the presence of saucine. To remove all doubt 
on the point, test the original substance with concentrated sulphuric acid, 
and with hydrochloric acid. Compare § 242, 1, a. 

& A PRECIPITATE IS FORMED: add solution of potassa or soda, drop 
by drop, until the fluid manifests a strongly alkaline reaction. 

a. The precipitate redissolves. Absence of the alkaloids of the 
second and third groups. Presence of morphia is indicated. 
The reactions with iodic acid (§ 232, 9), and with sulphuric acid, <kc., 
(§ 232, 7), are resorted to as conclusive tests. Examination for 
salicine, see 4. 

/3. The precipitate does not rediaaolve, or at least not completely. 
Filter, and treat the precipitate as directed in 2. Saturate the 
filtrate with carbonic acid, or mix it with bicarbonate of soda 
or bicarbonate of potassa, and boil nearly to dryness. Treat the 
residue with water ; if it dissolves completely, this is a sign that 
no morphia is present; but if there is an insoluble residue left, 
this indicates the presence of morphia. The reactions with iodic 
acid (§ 232, 9), and with sulphuric acid, <bc. (§ 232, 7), are resoiiied 
to as conclusive tests. 

2. Wash the filtered precipitate of 1, &, j3, with cold water, dissolve 
in a slight excess of dilute sulphuric acid, and add solution of bicai*bonate 
of soda to the fluid until the acid reaction is neutralized ; stir the mix- 
ture, vigorously rubbing the sides of the vessel, and allow the fluid to 
stand for an hour. 

a. No precipitate is formed. Absence of narcotina and cinchonia. 
Boil the solution nearly to dryness, and treat the residue with cold 
water. If it dissolves completely, pass on to 4; but if an insoluble 
residue is left, examine this for quina — of which a minute quantity 
might be present — and for strychnia^ bruda^ and veratria, according to 
the directions of 3. 

b, A precipitate is formed. This may contain narcotina, cinchonia, 
and also quina, compare § 24:2, 2, b. Filter, and treat the filtrate as di« 
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rected § 243^ 2^ a. Wash the precipitate with cold water, dissolve in a 
little hydrochloric acid^ add ammonia in excess^ then a sufficient quan- 
tity of ether. 

a. The precipitate which forms at first upon the addition of the 
wnmonia redissolvea comjietdy in the ether, amd the clear fluid pre^ 
senta two distinct layers. Absence of cinchonia ; presence of quina 
or narcotina. Evaporate the ethereal solution, dissolve the residue 
in a little hydrochloric acid and a sufficient amount of water to 
make the dilution at least as 1 : 200 ; add bicarbonate of soda to 
neutralization, and allow the fluid to stand for some time. The 
formation of a precipitate indicates the presence of narcotina. 
Filter, and test the precipitate with chlorine water and ammonia, 
and with a mixture of sulphuric acid and nitric acid (§ 233). 
Evaporate the filtrate, or the fluid if no precipitate has formed, to 
dryness, and treat the residue with water. If part of it remains 
undissolved, wash this, dissolve in hydrochloric acid^ and add chlo- 
rine water and ammonia. Green color : quina. 

/3. The precipitate produced by the a/mmonia does not redissdve in 
the ether y or at least not completely : cinchonia. Quina or narcotina 
may also be present. Filter, and examine the filtrate for quina aud 
narcotina as in a. The precipitate consists of cinchonia, and may 
be further examined according to § 235, 3, or 8. 

3. Wash the insoluble residue of § 243, 2, a, with water, dry on the 
water-bath, and digest with absolute alcohol. 

a. It dissolves completely : absence of strychnia ; presence of (quina) 
brucia or veratria. Evaporate the alcoholic solution on the water -bath 
to dryness, and, if quina has already been detected, divide the residue 
into two portions, and test one part for brucia, with nitric acid and 
protochloride of tin (§ 238, 6), the other for veratria, by means of 
concentrated sulphuric acid (§ 239, 6) ; but if no quina has as yet been 
detected, divide the residue into three portions, a, 5, and c; examine a 
and b for brucia and veratria, in the manner just stated, and c for 
quina, with chlorine- water and ammonia. However, if brucia is present, 
dissolve c in hydrochloric acid, add ammonia and ether, let the mixture 
stand for some time, evaporate the ethereal solution, and examine the 
residue for quina. 

6. It does not dissolve, or cut least not completely : presence of strychnia; 
perhaps also of (quina) brucia and veratria. Filter, and examine the 
filtrate for (quina) brucia and veratria as directed § 243, 3, a. The 
identity of the precipitate with strychnia is demonstrated by the reaction 
with sulphuric acid and chromate of potassa (§ 237, 8). 

4. Mix a portion of the original solution with hydrochloric acid, and 
boil the mixture for some time. The formation of a precipitate indicates 
the presence of salicine. To set all doubt on this point at rest, test the 
original substance with concentrated sulphuric acid (§ 241, 3). 

IIL Detection of the Alkaloids, in presence of coloring anb_^ 
extractive Vegetable or Animal Matters. 

§ 244. 
The presence of mucilaginous, extractive, and coloring matters renders 
the detection of the alkaloids a task of considerable difficulty. These 
matters obscure the reactions so much that we are even unable to deter- 
mine by a preliminary experiment, whether the substance under exami- 
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nation contains one of the alkaloids we have treated of in tlie foregoing 
paragraphs, or not. I will now give several methods by means of which 
the separation of the alkaloids from such extraneous matters may be 
effected, and their detection made practicable. Which of these methods 
to select will^ of course, always depend upon the particular circumstances 
of the case. 

1. Stasis Method fob effecting the Detection of Poisonous 
• Alkaloids.* 

This method is based, a, upon the solubility of the acid salts of the 
alkaloids in water and in spirit of wine ; 6, upon the &ct that the alka- 
loids, even those sparingly soluble in ether, will pass into the ethereal solu- 
tion upon mixing the aqueous solution of any of their salts with a fixed 
alkali or with the carbonate of a fixed alkali in excess, and shaking 
the mixture repeatedly with ether ; — lastly, c, the removal from the alka- 
loids of other matters soluble in ether, is based upon the insolubility of 
the salts of the alkaloids in ether, owing to which an aqueous solution oi 
the acid sulphate of the alkaloid can be obtained, by shaking the ethereal 
solution of the pure alkaloid with dilute sulphuric acid. I will give 
here, first the original method of Stas, then, in 2, Otto*s modifications of 
that method. 

Ob If you have to look for the suspected organic bases in the contents 
of the stomach or intestines, or in articles of food, or in pappy matters 
in general, heat the suspected substance with double its weight of strong 
alcohol, acidified with from 0*5 grm. to 2 grm. of tartaric acid or oxalic 
acii to from 158'' F. to 167** F. When quite cold, filter, and wash the 
undissolved part with strong alcohol, adding the washings to the filtrate. 

If you have to deal with the heart, liver, lungs, or similar organs, cut 
them into fine shreds, moisten with the acidified alcohol, press, and 
repeat the same operation, until the soluble parts are completely ex- 
tracted ; collect the fluids obtained, and filter. 

b. Concentrate the alcoholic fluid at a temperature not exceeding 95° 
F., and, if no insoluble matter separates^ continue to evaporate nearly to 
dryness. Conduct this process either under a bell-glass over sulphuric 
acid, with or without rarefaction of the air, or in a tubular retort, through 
which a current of air is passed. If fatty or other insoluble matters 
separate in the process of concentration, pass the concentrated fluid 
through a moistened filter, and evaporate the filtrate nearly to dryness, 
conducting the process, as above, either under a bell-glass or in a retort. 

c. Digest the residue with cold absolute alcohol, filter, wash the in- 
soluble residue thoroughly with alcohol, and let the alcoholic solution 
evaporate in the air or in vacuo ; dissolve the acid residue in a little 
'*veater, and add bicarbonate of soda as long as eflervescence ensues. 

d. Add to the mixture four or five times its volume of pure ether, 
free from oil of wine, and shake ; then allow it to stand at rest, and let 
a little of the supernatant ether evaporate spontaneously on a watch- 
glass. If this leaves oily streaks upon the glass, which gradually collect 
into a drop, and emit, upon the application of a gentle heat, a disagree- 
able, pungent, and stifling odor, there is reason to infer the presence of a 
liquid volatile base ; whilst a solid residue or a turbid fluid, with solid 
particles suspended in it, indicates a non-volatile, solid base. In the latter 
case the base may emit a disagreeable animal smell, but not a pungent 

* " BuUetiD de rAcad^mie de M6decine de Belgique/' IX. 804. '' Jahrb. f. prakt. 
Pharm./' XXIY. 313. *' Jahresbericht" von Liebig and Kopp, 1851, p. 640. 
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odor, as is the case "with volatile bases. The blue color of reddened 
litmus-paper is permanently restored. If no residue is left, add to the 
fluid some solution of soda or potassa, and shake with repeatedly renewed 
ether, which will now dissolve the base. It follows from the assumption 
that the bases present will pass into the ethereal solution, that Stas's 
method is principally calculated for the detection of the poisonous alka- 
loids which are soluble in ether, though some of them only sparingly. 
The following are the vegeto-alkalies which Stas enumerates as discover- 
able by his method : Conia, Nicotina, Aniline, Picoline, Petinine, 
Morphia, Codeia, Brucia, Strychnia, Yeratria, Colchicia, Delphia, 
Emetine, Solania, Aconitina, Atropia, and Hyoscyamia. 
a. There is reason to infer the presence of a volatile base. 
Add to the contents of the vessel from which you have taken the small 
portion of ether for evaporation on the watch-glass, one or two cubic 
centimetres of strong solution of potassa or soda, shake the mixture, let 
it stand at rest, pour the supernatant fluid into a flask, and treat the 
residue again three or four times with ether, until the last portion poured 
ofl^ leaves no longer a residue upon evaporation. Mix the ethereal fluid 
now with some dilute sulphuric acid (1 part of acid to 5 parts of 
water) until the well-shaken fluid manifests acid reaction ; allow the 
mixture to stand at rest, decant the supernatant ether from the acid 
aqueous fluid, and treat the latter once more with ether in the same way. 
eta. Mix the residual OfCid solution (which may contain sulphates 
of ammonia, nicotina, aniline, picoline, and petinine — indeed which 
must contain these bases, if they are present in the examined sub- 
stance, since their compounds with sulphuric acid are quite inso- 
luble in ether ; and in which, if conia is present, the greater part of 
the latter alkaloid is also found) with concentrated solution of soda 
or potassa in excess, and treat with ether, which will again dissolve 
the liberated bases ; decant the ether, and leave it to spontaneous 
evaporation, at the lowest possible temperature; place the dish with 
the residue in vacuo over sulphuric acid. In this process the ether 
and ammonia escape, leaving the volatile organic base in the pure 
state. The nature of the organic base is then finally ascertained. 

bb. TJie ether decanted from the acid solviion contains the animal 
matters which it has removed from the alkaline fluid. It leaves, 
therefore, upon spontaneous evaporation, a trifling faint yellow 
residue of nauseous odor, which contains also some sulphate of 
conia, if that base was present in the examined matter. 
/3. There is reason to infer the presence of a solid base. 
Add a few drops of alcohol to the ethereal solution obtained by 
treating with ether the previously acid residue mixed either simply with 
bicarbonate of soda, or first with that reagent, then with solution of 
soda or potassa (see c and d), and leave the mixture to spontaneous 
evaporation. If this fails to give the base in a distinctly crystalline 
form and sufficiently pure, add a few drops of water slightly acidified 
with sulphuric acid, which will usually serve to separate the mass into a 
fatty portion, adhering to the dish, and an acid aqueous solution, which 
contains the base as an acid sulphate. Decant or filter, wash with a little 
slightly acidified water, and evaporate the solution to a considerable 
extent, under a bell-glass over sulphuric acid. Mix the residue with a 
highly concentrated solution of pure carbonate of potassa, treat the mix- 
ture with absolute alcohol, decant, and let the alcoholic fluid evaporate^ 
which will generally leave the base in a state of perfect purity, or nearly so. 
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2. Otto's Modifications op Stas's Method.* 

a. In the method just described, the morphia which may be present 
will onlj pass into the ethereal solution if the solution obtained in 1, e^ 
in shaken with ether immediately after the addition of the bicarbonate 
of soda, and the ether then quickly decanted. But if the operation of 
shaking with ether is delayed, so as to afford' the morphia time to crys- 
tallize, the crystals will deposit, being almost absolutely insoluble in ether 
(P. PoLLNiTz) ; and if the ethereal solution is allowed to stand some 
time, the dissolved morphia will separate in small crystals, on the 
sides of the vessel. — As it is therefore, under the circumstances stated^ 
always likely to happen that the morphia may remain, wholly or 
in part, undissolved by the ether, it is of the highest importance never 
to neglect mixing the alkaline fluid obtained in 1, d — after repeated 
extraction with ether, and subsequent addition of some solution of soda, 
to dissolve the morphia, which may have separated, and after evapo- 
rating the ether still present — with a couceutrated solution of chloride 
of ammonium, and letting the mixture stand exposed to the open air, to 
allow the morphia to crystalliza 

b. Instead of the process described in 1, fi, to effect the detection of 
non-volatile alkaloids, Otto recommends the following method, which is 
in principle the same as that recommended by Stas for the detection of 
the- volatile bases. 

Let the ethereal solution evaporate, dissolve the residuary impure 
alkaloid in a little water mixed with sulphuric acid, and shake the solu- 
tion repeatedly with ether, which will remove the foreign organic 
matters present, and leave the acid vegeto-alkaline sulphate unaffected. 
Mix now the acid aqueous solution with carbonate of soda in excess, 
shake repeatedly with ether (to dissolve the liberated alkaloids), and let 
the ethereal solution evaporate, when the alkaloids held in solution by 
the ether will be left in a very pure state and, to a great extent, in 
the crystalline form. This method has stood the test of numerous 
experiments. 

c But what Otto recommends most, is the treatment with ether of 
the alkaloid in the form of salt, before its separation, by means of an 
alkali, and its solution in ether. — If, therefore, you wish to follow this 
method, shake the acid aqueous fluid of 1, c, which contains the alkaloid 
in combination with tartaric acid or oxalic acid, repeatedly with ether, 
so long as the ether becomes colored and leaves a residue upon evapo- 
ration ; then, and not before, add carbonate of soda, dissolve the alkaloid 
by means of ether, and proceed generally as directed in 1, d Upon 
evaporating the]^ ether, the alkaloid is now left at once in a very pure 
state* 

3. Method of L. v. IJslab and J. ERDMANK.f 

This may be considered an improvement upon Stas's method, as 
regards non-volatile alkaloids, more especially morphia, whilst Stas*s 
method deserves the preference for volatile alkaloida The new method 
is the same in principle as that of Stas's, simply substituting amyl- 
alcohol for ether. 

Mix the matters to be examined with water, if necessary, to the con* 
sistence of a thin paste, acidify slightly with hydrochloric acid, digest 

* AdxuJ. d. Chem. u. Pharm., 100, 44. 
t Annal. d. Chem. u. Pharm., 12u, page 121 ; and 122, page 360. 
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one or two hours at from 140° to 176° Fab., and pass through a linen 
cloth moistened with water. Extract the residue with water acidified 
with hydrochloric acid, add the solution obtained to the first fluid, super- 
saturate with ammonia, and evaporate to dryness, with addition of pure 
quartz sand, which will enable you to reduce the residue to powder. Boil 
the . powder repeatedly with amyl-alcohol, to extract the whole of the 
alkaloid from it Filter the extracts hot through felt, moistened with amyl- 
alcohol. The filtrate, which is mostly colored yellow, holds, besides the 
alkaloid, fatty and coloring matters in solution. To remove these lattet^ 
transfer the filtrate to a cylindrical vessel, mix it with from ten to twelve 
times its volume of almost boiling water, acidified with hydrochloric acid, 
and vigorously shake the mixture for some time. The hydrochlorate of the 
alkaloid passes into the aqueous solution, whilst the &tty and coloring 
matters remain dissolved in the amyl-alcohol.* Kemove the latter by 
means of an india-rubber pipette, then shake the acid solution repeatedly 
with fresh quantities of amyl-alcohol, until all the fiitty and coloring 
matters are completely removed. Concentrate now by evaporation, mix 
with ammonia in slight excess, add hot amyl-alcohol, and shake vigorously. 
.When the liquid has separated into two distinct layers, draw off, by 
means of a pipette, the upper layer, which contains the solution of the 
alkaloid in amyl-alcohol, treat the fluid once more with hot amyl- 
alcohol, then completely drive off the latter by heating on the water- 
bath, which will often leave the alkaloid sufficiently pure for 
examination by the usual reactions. Should it, however, still look 
yellowish or brownish, dissolve it once more in dilute hydrochloric acid, 
shake the solution with amyl-alcohol, remove the latter with the pipette, 
then supersaturate with ammonia, shake again with amyl-alcohol, draw 
off the latter with the pipette, and evaporate it on the water-bath. It 
is only in very rare cases that the alkaloid left by this evaporation 
requires a repetition of this process of purification. The last evapora- 
tion of the pure alkaloid is best conducted in a small porcelain, 
crucible, placed obliquely. Before proceeding to the decisive reactions, pour 
a few drops of concentrated sulphuric acid over the alkaloid, and observe 
whether it still turns brown on the application of this test ; in which 
case the process of purification must be repeated. — XJslab and Erdmann 
have detected and isolated by this method very minute traces of alka- 
loids, e.g.f 5 milligrammes of hydrochlorate of morphia, 1 drop of nicotine, 
9 milligrammes of strychnine, mixed with from 2 to 3 pounds of con- 
tents of the stomach. In his second paper on the subject Ebdmann calls 
particular attention to the fact that he succeeded in separating by this 
method the poisonous alkaloids from quite putrid intestines of poisoned 
animals, from a fortnight to a month after death. The latter experi- 
ments referred to strychnia and morphia. Of coui'se only those portions 
of the alkaloids can be detected which have not yet suffered decompo- 
sition. With regard to morphia, there would seem to exist no doubt 
but that this alkaloid suffers decomposition in the organism. A rabbit 
had given it 0.1 grm. of hydrochlorate of morphia, and was killed three 
and a half hours after : no morphia was found in the urine, brain, and 
spinal marrow ; only very little of it in the blood, a little in the stomach 
and the small intestines, more in the other intestines. 

* If less water is used, traces of tbe hydrochlorate of the alkali are apt to remain 
in the amyl- alcoholic solation. J. Erdmann recommends always to put aside the first 
amyl-alcohol, as well as that used to effect the removal of the fatty matters, .that they 
may, if necessary, be shaken once more with the stated quantity of aciuulated water. 
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4. Methods of DETEcriKa Strychnia, based upon the TTse 

OF Chloboform.* 

a. EODGERS AND GiBDWOOD's METHOD.f 

Digest the substance under examination with dilute hydrochloric acid 
(1 part of acid to 10 parts of water) and filter ; evaporate the filtrate on 
the water-bath to dryness^ extract the residue with spirit of wine, evapo- 
rate the solution, treat the residue with water, filter, supersaturate the 
filtrate with ammonia, add ^ oz. (15 grammes) of chloroform, shake, 
transfer the chloroform to a dish, by means of a pipette, evaporate on 
the water-bath, moisten the residue with concentrated sulphuric acid, to 
effect carbonization of foreign organic matters, treat with water, after 
the lapse of several hours, then filter. Supersaturate the filtrate again 
with ammonia, and shake it with about 1 drachm (4 grammes) of chloro- 
form. Repeat the same operation until the residue left upon the evapo- 
ration of the chloroform is no longer charred by sulphuric acid. Tranter 
the chloroform solution which leaves a pure residue, no longer affected 
by sulphuric acid, drop by drop, by means of a capillary tube, to the 
same spot on a heated porcelain dish, letting it evaporate, then test the 
residue with sulphuric acid and chromate of potassa. Rodgebs and 
GiBDWOOD succeeded in detecting by this method so small a quantity of 
strychnia as the Y^nrvth part of a grain. 

h. Method becommended by R Pbollius.)^ 

Boil twice with spirit of wine, mixed with some tartaric acid, evapo- 
rate at a gentle heat, filter the residuary acid aqueous solution through 
a moistened filter, add ammonia in slight excess, then from 20 to 25 grains 
(about 1^ grm.) of chloroform, shake, free the deposited chloroform 
thoroughly from the ley, by decanting and shaking with water, mix the 
chloroform so purified with 3 parts of spirit of wine, and let the fiuid 
evaporate. If there is any notable quantity of strychnia present, it is 
obtained in crystals. 

5. Method of effecting the Detection of Stbychnia in Beeb, 

BY Grahamh and A, W. Hq/mcmn.§ 

This method, which is based on the known fact that a solution of a 
salt of strychnia, when mixed and shaken with animal charcoal, yields 
its strychnia to the charcoal, will undoubtedly be found applicable also 
for the detection of other alkaloids. The process is conducted as fol- 
lows : — 

Shake 2 ounces of animal charcoal in half-a-gallon of the aqueous 
neutral or feebly acid fluid under examination ; let the mixture stand 
for from 12 to 24 hours, with occasional shaking, filter, wash the char- 
coal twice with water, then boil for half-an-hour with 8 ounces of spirit of 
wine of 80 — 90 per cent., avoiding loss of alcohol by evaporation. Filter 
the spirit of wine hot from the charcoal, and distil the filtrate ; add a 
few drops of solution of potassa to the residual watery fluid, shake with 

* These methods are no doubt useful also for effecting the separation of othev 
alkaloids ; however, the deportment of the latter with chloroform nas not yet been 
sufficiently studied. 

t LiSBio and Koff's *' Jahresbericht," 1857, 603.— Pharm. Journ. Trans., xvi. 
497. 

t Chem. Centrabl., 1857, 281. 

I Cbem. Soc. Quart Journ., v. 173. 

I. ' Z ' 
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ether, let the mixture stand at rest, then decant the snpematant ether. 
The ethereal fluid leaves, upon spontaneous evaporation, the strychnia in 
a state of sufficient purity to admit of its further examination by reagents 
(see § 237). 

Maoadam* employed the same method in his numerous experiments 
to detect strychnia in the bodies of dead animals. He treated the 
comminuted matters with a dilute aqueous solution of oxalic acid in 
the cold, filtered through muslin, washed with water, heated to boiling, 
filtered still warm, from the coagulated albuminous matters, shook with 
charcoal, and proceeded in the manner just described. According to his 
statements, the residue left by the evaporation of the alcoholic solution 
was generally at on<?e fit to be tested for strychnia. Where it was not 
so, he treated the residue again with solution of oxalic acid, and repeated 
the process with animal charcoaL 

6. Separation by Dialysis. 

Thedialytic method devised by Graham, and described in § 224, may 
also be advantageously employed to effect the separation of alkaloids 
from the contents of the stomach, intestines, d^c. Acidify with hydrochloric 
acid, and place the matter in the dialyser. The alkaloids, being crystal- 
line bodies, penetrate the membrane, and are found, for the greater part, 
after 24 hours, in the outer fluid; from this they may, then, according, 
to circumstances, either be thrown down at once, after concentration by 
evaporation ; or they may be purified by one of the above described 
methods. 

11. 

General Plan of the Order and Succession in which 
Substances should be analyzed for Practice. 

§245. 

It is not a matter of indiflerence whether the student, in analyzing 
for the sake of practice, follows no rule or order whatever in the 
selection of the substances which he intends to analyze, or whether, 
on the contrary, his investigations and experiments proceed systemati- 
cally. Many ways, indeed, may lead to the desired end, but one of 
them will invariably prove the shortest. I will, therefore, here point 
out a course which experience has shown to lead safely and speedily 
to the attainment of the object in view. 

Let the student take 100 compounds, systematically arranged (see 
below), and let him analyze these compounds successively in the order 
in which they are placed. A careful and diligent examination of these 
will be amply sufficient to impart to him the necessary degree of skill in 
practical analysis. When analyzing for the sake of practice only, the 
student must above all things possess the means of venfying the results 
obtained by his experiments. The compounds to be examined ought, 
therefore, to be mixed for him by a friend who knows their exact com- 
position. 

A. From 1 to 20. 

Aqueous solutions of simple salts : e. g,, sulphate of soda, nitrate of 
lime, chloride of copper, &c. These investigations will serve to teach 
the student the method of analyzing substances soluble in water which 

 Pharm. Journ. Trans., xvi. 120, 160. 



APPENDIX. 839 

contain but one base. In these investigations it is only intended to 
ascertain which base is present in the fluid under examination; but 
neither the detection of the acid, nor the proof of the absence of all other 
bases besides the one detected, is required. 

B. Fr(m 21 to 50. 

Salts, Era, oontainino one base and one acid, ob one metal 
AND ONE METALLOID (in forui of powder) : e,g., carbonate of baryta, borate 
of soda, phosphate of lime, arsenious acid, chloride of sodium, bitartrate 
of potassa, acetate of copper, sulphate of baryta, chloride of lead, <kc. 
These investigations will serve to teach the student how to make a pre- 
liminary examination of a solid substance, by heating in a tube or before 
the blow-pipe ; how to convert it into a proper form for analysis, Le,, 
how to dissolve or decompose it ; how to detect one metallic oxide, even 
in substances insoluble in water ; and how to demonstrate the presence of 
one acid. The detection of both the base and the acid 13 required, but it 
is not necessary to prove that no other bodies are present. 

C. From 51 to 65. 

Aqueous ob acid solutions of several bases. These investigations 
will serve to teach the student the method of separating and distinguish- 
ing several metallic oxides from each other. The proof is required that 
no other bases are present besides those detected. No regard is paid to 
the acids. 

D. From 66 to 80. 

Dby mixtubes of eveey dbscbiption. a portion of the salts should 
be organic, another inorganic ; a portion of the compounds soluble in 
water or hydrochloric acid, another insoluble ; e, g,, mixtures of chloride 
of sodium, carbonate of lime, and oxide of copper ; — of phosphate of 
magnesia and ammonia, aud arsenious acid ;— of tartrate of lime, oxalate 
of Hme, and sulphate of baryta ; — of phosphate of soda, nitrate of ammonia, 
and acetate of potassa, &c. 

These investigations will serve to teach the student how to treat mix- 
tures of different substances with solvents ; how to detect several acids 
in presence of each other ; how to detect the bases in presence of phos- 
phates of the alkaline earths ; — and they will serve as a general intro- 
duction to scientific and practical analysis. All the component parts 
must be detected, and the nature of the substance ascertained. 

E. From 81 to 100. 

Native compounds, abticles of gommebce, &a Mineral and 
other waters^ minerals of every description, soils, potash^ soda^ alloys, 
oolors^ &c. 

III. 

AbBANGEMENT 09 THE EeSULTS OF THE ANALYSES PEBFOBMED 

FOB PbACTICE. 

§246. 

The manner in which the results of analytical investigations ought to 
be arranged is not a matter of indifference. The following examples 
will serve to illustrate the method which I have found the most suitable 
in this respect. 

z2 
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Plait of abranging the Eesults of Expebiments, Nos. 1 — 20« 

Oohrlesa fmd of neutral reaction. 



HCl 


HS 


NH^S 


NH, 0, CO. and 


no precipitate, 


no preeipitate, 


no preoipitale, 


NH^Cl 


consequently no 


noPbO 


noFeO 


a whUe precipitate, 


Ago 


„HgO 


„MnO 


consequently either 


H&O 


„CuO 


„NiO 


BaO,SrO,orCaO, 




„ Bi 0, 


, „CoO 


no precipitate by 




„CdO 


„ZnO 


solution of sul- 
phate of lime. 










„A8 0, 


,, Al. 0. 


consequently 




„ As 0, 


»Cr,0. 


LIME. 




« Sb 0, 




Confirmation by 




„ Sn 0, 




means of 




„SnO 









„AuO» 








„ Pt 0. 








« Fe, 0. 

• 





Flan of abranging the Results of Exfebiments, Nos. 21 — ^0. 

WMte powder, fusing in the water of crystallization v/pon application of 
heat, then remaining unaltered — soluble in waiter — rea^ction neiUral. 



HCl 

no predr 
pitate. 



HS 

no pred- 
pUate, 



NH,S 
no precipi- 
tate. 



NH,0,CO^ 

ondNH.Cl 
no precipi- 
tate. 



2NaO,HO,PO.and 

NH,0 

a white predpitaie, 

consequently 

magkesla. 



The detected base being MgO, and the analyzed substance being 

soluble in water, the acid can only be CI, I, Br, SO,, NO^, A, <fec. The 
preliminary examination has proved the absence of the organic acids and 
of nitric acid. 

£a CI produces a white precipitate which H CI fails to dissolve ; con- 
sequently SULPHUBIO ACID. 



rii 



111 



Hi 



•I J II 

111! 



Up 



1-if 



»J3 



"5aii 


!^1 ' 


HH,0, CO, 
White precipitate; upon 
dissolving this in hydro- 
chloric acid, and adding 
solution of sulphate of lime 
to the fluid, a white prera- 
pitate forma after some 
time: bteontla. Precipi- 
tation with sulphate of 
potaasa, filtrate tested for 
lime with : results nega- 
tive. 


1 ► lag H-S3 i 


H"B 
White pre< 

mom 11- anrili 

prod 

solut 

in hyoroonj 

mains clear 

tion of soda 

NH^Cl 
no precipi- 
tate. 


HS 
Black precipitate, in- 
soluble in sulphide of 

luble in nitric aoid. 
80, produces a white 
precipitate : lead. 
Examination for Cu, 
Bi, and Cd: results 
negative. 


HCl 
White precipitate, 
insoluble in an excess 
of theprecipitant, un- 
altered by ammonia : 
quite soluble in hot 
water ; 8 0, producing 
a white precipitate in 
the solution : lead. 
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IV. 



TABLE 

or VHS 

MORE FREQUENTLY OCCURRING FORMS AND 
COMBINATIONS OF THE SUBSTANCES TREATED OF IN THE 

PRESENT WORE, 

▲BBAHOED 
WITH XSPEOIAL SBOABD TO THE CLASS TO WHICH THET UESPEOTIVXLT BSLOHO 

AOOOBDnra to theib solubilitt 

IN WATER, IN HYDROCHLORIC ACID, IN NITRIC ACTD, 
OR IN NITROHYDROCHLORIC ACID. 



§ 247. 

PBELIMINABY REICABKS. 



The class to which the several compotinds respectively belong accord- 
ing to their solubility in water or acids (see § 179), is expressed by 
figures. Thus 1 or I means a substance soluble in water ; 2 or II a 
substance insoluble in water, but soluble in hydrochloric acid, nitric acid, 
or nitrohydrochloric acid ; 3 or III a substance insoluble in water, in 
hydrochloric acid, and in nitric acid. For those substances which stand 
as it were on the limits between the various classes, the figures of the 
classes in question are jointly expressed : thus 1 — 2 signifies a substance 
sparingly soluble in water, but soluble in hydrochloric acid or nitrio 
add ; 1 — 3 a body sparingly soluble in water, and of which the solubility 
is not notably increased by the addition of adds ; and 2 — 3 a substance 
insoluble in water, and sparingly soluble in acids. Wherever the deport- 
ment of a substance with hydrochloric add differs materially from that 
which it exhibits with nitric acid, this is stated in the notes. 

The Roman figures denote officinal and more commonly ocoorring 
compounds. ^ 

The haloid salts and sulphur compounds are placed in the i^tpOB of 
the corresponding oxides. The salts given are, as a generoHp^'' the 
neutral salts ; the basic, add, and double salts, if officind, are'mSSftiiMd 



APPENDIX. 34S 

in the notes ; the small figures placed near the corresponding neutral or 
simple salts refer to these. 

Cyanogen, chloric acid, citric acid, malic add, benzoic acid, succinic 
acid, and formic acid, are of more common occurrence in combination 
with a few bases only, and have therefore been omitted from the table. 
The most frequently occurring compounds of these substances are : 
cyanide of potassium I, ferrocyanide of potassium I, ferricyanide of 
potassium I, sesqui-ferrioyanide of iron (Prussian blue) III, ferrocyanide 
of zinc and potassium II — III, chlorate of potassa I, the citrates of the 
alkalies I, the malates of the alkalies I, malate of sesquioxide of iron I, 
the benzoates of the al^Jies 1, the succinates of the alkalies I, and the 
formates of the alkalies L 
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INDEX OF THE SOLUBILITY OP 





KO 


NaO 


NH4O 


.BaO 


SrO 


CaO 


MgO 


A],0. 


MnO 


FeO 


Fe.0, 


CoO 


NiO 


ZnO 










I 


1 


MI 


11 


U 


2 


2 


n 


II 


n 


K 


8 








I 


1 


I-II 


2 


« 


11 


II 


2 


2,. 


2,e 


2„. 


CI 






^H 


I 


I 


I 


1 


1 


I 


I 


ii. 


I 


I 


1 


I 








1 


1 


1 


1 


• 


1 


I 


1 






1 


SO, 


*i 




■^It 


111 


III 


I-III 


I 


^I'lt 


I 


I 


I 


I 


I 


I 


N03 








I 


I 


1 


1 


1 


1 


1 


1 


I 


1 


1 


PO. 




^10 


^10 


2 


2 


IXu 


2 


2 


2 


2 


11 


2 


2 


2 


CO, 


I. 


^11 




n 


II 


U 


n 




TI 


n 




U 


2 


II 





I. 






2 


2 


II 


2 


2 


2 


1-2 


1-2 


2 


2 


2 


BO, 


*4 


^4 




2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


A 








I 


1 


I 


1 


1 


1 


1 


I 


1 


1 


I 


T" 


I4., 


Ir 


*« 


2 


2 


11 


1-2 


1 


1-2 


1-2 


I. 


1 


2 


2 


AbO, 








2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


AbO, 








2 


2 


2 


2 






2 


2 


2 


2 




CrO, 








2 


2 


2 


1 


2 


1 - 




1 




2 


1 



NOTEa 

1. Sulphate of potassa and alumma L 

2. Bicarbonate of potassa L 

3. Binoxalate of potassa I. 

4. Tartarized borax (bitartrate of potassa and borate of soda) L 
6, Bitartrate of potassa I-II. 

6. Tartrate of potassa and ammonia 1. 

7. Tartrate of potassa and soda 1. 

8. Tartrate of potassa and sesquioxide of iron L 

9. Tartrate of antimony and potassa I. "*" * 

10. Phosphate of soda and ammonia I. 

11. Bicarbonate of soda I. 

12. Sesqnichloride of iron and chloride of ammonium I. 

13. Sulphate of alumina and ammonia L 

14. Basic phosphate of lime II. 

15. Sulphide of cobalt is pretty readily decomposed by nitric acid, but 

very difficultly by hydrochloric acid. This substance is not 
officinal. 
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SUBSTANCES DST WATER OK ACIDS. 



Cdo 


PbO 


SnO 


SnO, 


BiO, 


CuO 


Hg,0 


HgO 


AgO 


PtO, 


AuO, 


SbO, 


Cr.O, 




2 


n,s 


2 


2&8 


2 


n,. 


n 


U 


2 


2 




n« 


Il&lli 


8 


2 


n 


2« 


2^ 


2 


;» 


n 


II 


2w 


2« 




11.. 




CI 


1 


I-TTT 


I 


I 


I 


i«* 


iT-in 


I*s 


III 


^82* as 


1.4 


I.T 


i&m 


I 


1 


I-ll 


1 


1 






n 


II 


8 










80, 


I 


n-iii 


1 




1 


I.. 


1-2 


1« 


I-II 


1 




2 


MI 


NO, 


1 


I 




1 


I., 


I 


1.7 


I 


I 


1 






I 


PO. 


2 


2 


2 






2 


2 


2 


2 








2 


CO, 


2 


II 






2 


11 


2 


2 


2 













2 


2 


2 


1 


2 


2 


2 


2 


2 






1-2 


1 


BO, 


1-2 


2 


2 




2 


2 


1 












2 


A 


1 


I|. 


1 


1 


1 


I« 


1-2 


1 


1 








1 


T 


1-2 


2 


1-2 




2 


1 


1-2 


2 


2 






I.S 


1 


AbO, 




2 






2 


2 


2 - 


2 


2 






2 


2 


AsO, 




2 








II 


2 


2 


2 






2 




CrO, 




n-TTT 


2 




2 


1 


2 


1-2 


2 






2 


2 



16. The same applies to sulphide of nickel 

17. Sulphide of zinc is readily soluble in^itric acid, somewhat more 

sparingly soluble in hydrochloric acid. 

18. Minium is converted by hydrochloric acid into chloride of lead ; 

by nitric acid into oxide, which redissolves in an excess of the 
acid, and into brown bino&ide of lead, which is insoluble in 
nitric acid. 

19. Trisaoetate of lead I. 

20. Froto- and bisulphide of tin are decomposed and dissolved by 

hydrochloric acid ; by nitric acid they are converted into 
binoi^iSj'^which is insoluble in an excess of the acid. Sub- 
limed bisulphide of tin dissolves only in nitrohydrochloric 
acid. -^ 

21. Basic nitrate of teroxide of bismuth II. 

22. Ammoniated oxide of copper 1. 

23. Sulphide of copper is difficultly decomposed by hydrochloric acid, 

but with facility by nitric acid. 

24. Chloride of copper and ammonium L 

25. Sulphate of copper and ammonia I, 
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26. Basic acetate of copper, partially soluble in water, and completely in 

acida 

27. Basic nitrate of suboxide of mercury and ammo^iia 11. 

28. Ammonio-cbloride of mercury II. 

29. Basic sulphate of oxide of mercury IL 

30. Sulphide of silver soluble only in nitric acid. 

31. Bisulphide of platinum is not affected by hydrochloric acid, and but 

little by boiling nitric acid ; it dissolves in hot nitrohydrochloric 
acid. 

32. Bichloride of platinum and chloride of potassium 1 — 3. 

33. Bichloride of platinum and chloride of ammonium 1 — 3. 

34. Terchloride of gold and chloride of sodium I. 

35. Teroxide of antimony is soluble in hydrochloric acid^ but not in 

nitric acid. 

36. Tersulphide of antimony and sulphide of calcium I — ^IL 

37. Basic terchloride of antimony IL 

38. Tartrate of teroxide of antimony and potassa L 



Note to Page 111. 

For a full account of Thallium, the Editor refers to the original papers 
of its discoverer, Mr. Cbookes, published in the Chemical News, Philo- 
sophical Transactions, and Proceedings during the years 1861, 2, and 3. 




APPENDIX. 



347 



V. 



TABLE OF WEIGHTS AND MEASUBES. 



OKAICXBS. 
1 
2 

3 
4t 
5 
6 
7 
8 
9 



ORAIHS. 

] 5*4323 

30-8646 

46-2969 

61-7292 

77-1615 

92-5938 

108-0261 

123-4584 

138-8907 



DE0IORAXXX8. 
1 

2 
3 

4 
6 
6 

7 
8 
9 



ORAIKS. 

1-5432 

3-0864 

4-6296 

6-1728 

7-7160 

9-2592 

10-8024 

12-3456 

13-8888 



OBHnORAirXIS. 


OBAnrs. 


HILLia&AlIXIS. 


OBAIVB. 


1 = 


= -1543 


1 = 


= -0154 


2 


•3086 


2 


•0308 


3 


•4630 


3 


•0463 


4 


•6173 


4 


•0617 


6 


•7717 


5 


•0771 


6 


•9260 


6 


•0926 


7' 


1-0804 


7 


•1080 


8 


1-2347 


8 


•1234 


9 


1-3891 


9 


•1389 


XIVBIB. 


nroHBS. 


DICIMITBBS. 


nroRis. 


1 = 


= 39-37 


1 = 


= 3-937 


3 


78-74 


2 


7*874 


3 


118-11 


3 


11*811 


4 


157-48 


4 


15*748 


5 


196-85 


5 


19*685 


6 


236-22 


6 


23*622 


7 


275-59 


7 


27*559 


8 


314-96 


8 


31-496 


9 


354*33 


9 


35*433 

• 


onmnBTxiB. 


XSOHBS. 


HTLLIXKTBIS. 


XVOHBI. 


1 


= -3937 


1 = 


= ^03937 


2 


•7874 


2 


•07874 


3 


1-1811 . 


3 


•11811 


4 


1-5748 


4 


•15748 


5 


1-9685 


6 


•19685 


6 


2*3622 


6 


•23622 


7 


2-7559 


7 


•27559 


8 


3*1496 


8 


•31496 


9 


3-5433 


9 


•35433 



One kilogramme 
One cnbio centimetre 
One litre 



15432 grains. 
0-0610 onbio inch. 
61*0270 cubic inches. 



ALPHABETICAL INDEX. 



A. 

Acetic add (as reagent) . • 

deportment with reagents 
detection of, in simple com- 
pounds . . 

in complex com- 
pounds 250, 



PAOl 

83 
193 

223 



252 
80 

214 
30 

S2d 



Adds, as reagents 

Actual examination . ., • . 
Aleohol (as reagent) .... 
Alkaloids, detection of . 

in presence of coloring 
and extractive vege- 
table or animal matter 
Alkaline solutions, examination of 
Alloys, examination of . . 209, 
Alumina, deportment with reagents • 
detection of, in soluble simple 
compounds . 218, 
soluble complex 
compounds 239, 240, 242 
insoluble complex 
compounds . 
phosphate (see phoefphate of 
alumina). 



in 



in 



882 

229 

213 

90 

224 



253 



Ammonia (as reagent) 


44 


deportment with reagents . 


78 


detection o^ in simple com- 




pounds 


219 


in complex com- 




pounds I 


246 


in soils . 


276 


in fresh waters 


265 


in mineral waters 267 


carbonate of (as reagent) 


52 


molybdate of (as reagent) . 


54 


oxalate of (as reagent) 


50 


Antimgnic acid, detection of 


809 


Antimony, detection of, in alloys 


213 


properties of 


131 


teroxide of^ detection of, in 




simple compounds . 


215 


in complex compounds 


235 


in sinter deposits 


272 


in food, &c. 


289 



PA61 

Antimony, teroxide o^ deportment 

with reagents .... 181 

Apocrenic add, detection of^ in soils . 277 

in mineral waters 273 
Apparatus and utensils . . * 25 
Arsenic, properties of ' . . • 134 
add, deportment with reagents 143 
produced from arsenious acid . 140 
the tersulphide 140 
Arsenious add, deportment with re- 
agents . . . / . . 134 
AzBSBious andarsenic adds, detection o^ 

in simple compounds . 215 
in complex compounds 234,255 

in mineral waters . 266 

in food, &c. • . 285 

in sinter depodts . . 272 
Arsenious frt)m arsenic add, how to 

distinguish .... 147 
Ashes of plants, animals, manures, &e.y 
examination of ... 



B. 



297 



82 



219 
228 
244 



Baryta, dei>ortment of^ with reagents . 
detection of« in soluble simple 
compounds 
in insoluble simple 

compounds 
in soluble complex 

compounds 
in insoluble com- 
plex compounds 252 
in mineral waters 269 
in sinter depodts • 273 
carbonate of (as reagent) 
hydrate of (as reagent) 
nitrate of (as reagent) 
water (as reagent) 
Bases (as reagents) . 
Beaker glasses 

Benzoic add, detection of, in dmple 

compounds . 
in complex com- 
pounds . . 252 
deportment with reagents 192 



59 
68 
58 
45 
42 
26 

222 
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BerylU, deportment with reagents . 74 

detection of . . 311,312 

Bismuth, detection of, in alloys . 209 

in articles of 

food, &c. . 289 
properties of . 119 
terozide, deportment of, with 

reagents . .119 
detection of, in simple 

compounds . 216 
in complex com- 
pounds . 236, 237 
hydrated (as reagent) 47 
Blowpipe • . . • .13 
flame ... 14, 15 

Borado acid, deportment with re- 
agents . . . 160 
detection of, in simple 
compounds 221, 224, 225 
in complex com- 
|L>^ pounds 244, 249 

W/ in silicates 259, 261 

in mineral wa- 
ters .. 270 
Borax (as reagent) .... 71 
Bromic acid, detection of . . .310 
Biomine, properties and deportment 
^' with reagents . .172 

detection of 221, 225, 227, 243 
in mineral wa- 
ters . . 270 
Brucia, deportment with reagents . 326 
detection of, in simple com- 
pounds 329, 330, 831 
'».«^4Mk Jn complex com- 

pounds . . 332 
,c add, deportment with reagents 196 

C. 

Cadmium, properties of • . .121 
oxide, detection of, in simple 

compounds 215 
in complex 
compounds 236, 237 
deportment with re- 
agents . . . 121 
Cesium; oxide, deportment with re- 
agents . . 80 
detection of . . 271 
Carbon, detection of^ in compound 

bodies 227, 253 

in silicates . 259 

properties of . . .167 

Carbonicacid, deportment with reagents 167 

detection of, in simple 

compounds 219 
in complex 
compounds 230 
in soils 275, 276 
in well and 
mineral waters 264, 265, 266 
Cerium, oxides, deportment with re- 
agents . . 95 
detection of . .312 
Charcoal for blowpipe experiments . 15 



^iPyrit 
^1 
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Chloric acid, detection of . . 221, 248 

deportment with reagents 184 

Chloride of ammonium (as reagent) • 55 

of barium (as reagent) • 58 

of calcium (as reagent) • 59 

of mercury (as reagent) • 63 

Chlorine (as reagent) ... 35 

properties and deportment . 

with reagents 171 

detection of, in soluble simple 

compounds 221, 225 
in insoluble sim- 
ple compounds 227 
in soluble com- 
plex compounds 248 
in insoluble com- 
plex compounds 254 
in soils . . 275 
in fresh and mi- 
neral waters . 264 
insiUcates 260, 261 
Chloroform (as reagent) ... 30 
Chlorous add, deportment with reagents 182 
detection of • .310 
Chrome-ironstone, analysis of . . 255 
Chromic add, deportment with reagents 152 
detection of, in simple 

oompounds . .219 
in complex oompounds 249 
in insoluble oom- 
pounds . . 255 
Chromium, sesquioxide, deportment 

witb reagents . . 92 
detection of, in soluble 
dmple com- 
pounds 217, 218 
in complex com- 
pounds 240^ 243 
C^chonia, deportment with reagents / 322 
detection of, in simple iK> w 

pounds **' " 880 
in complex com- - 
pounds . 332 
Cil^c add, deportment with reagents 187 
detection of, in simple com- 
pounds . 222 
in complex com- 
pounder . 250 
Cobalt, properties of . . . 104 
, protoxide, deportment with re- 
agents . 104 
detection of, in sim- 
ple compounds . 217 
in complex com- 
pounds 241, 242 
nitrate (as reagent) . . 72 
Coloration of flame .... 21 
Conia, deportment with reagents . 317 
Copper (as reagent) .... 47 
properties of ... 117 
oxide, deportment with reagents 117 
detection of, in simple com- 
pounds . 216 
in complex com- 
pounds 236, 237 
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PAai 
Copper, oxidfl^ detection of, in sinter 

deposits . 272 

sniphate (as reagent) . . 6S 

Crenie acid, detection of, in soils . 277 

in mineral waters 273 

CrystalliEation 5 

-Cyanide of potaodnm (as reagent) . 55 
« in the moist way 55 

in the dry way . 70 
Cyanides, insoluble in water, analysis of 256 
Cyanogen, detection of, in simple com- 
pounds 220, 227 
in complex com- 
pounds 231, 248 
properties of . . . 176 

D. 

Becantation . . . • • 8 

Deflagration 12 

Dialysis 282 

Didymium, oxide, deportment with re- 
agents • ... 96 
detection of . . 811 
Distillation . • . • .10 
Distilling apparatus . . • 1 



E. 



8 



Edulooration 

Brbium, oxide, deportment with re- 
agents 95 
detection of. • . 311, 312 
Ether (as reagent) .... 30 
Evaporation , 9 

P. 

Ferricyanide of potassium (as reagent) 57 
Ferricyanogen, detection of, in simple 

compounds . 220 
in complex com- 
pounds 

248, 256, 257 

Ferrocyanide of potassium (as reagent) 56 
Ferrocyanogen, detection of, in simple 

^ compounds . 220 

in complex 
compounds 

248, 256, 257 

Filtering paper .... 7 

stands .... 7 

Filtration 7 

Flame, coloration of ... 21 
parts of .... 13 
Fluoride of calcium (as reagent) . 69 
Fluorine, detection of, in simple com- 
pounds 220, 224, 
225, 227 
in complex com- 
pounds 244, 252 
in insolubleoom- 

pounds • 255 

in mineral waters 268 

in sinter deposits 273 

in silicates 260, 261 

Fluxing 11 

Formic acid, deportment with reagents 194 



PAOK 

Formic add, detection o( in simple com- 
pounds • 228 
in complex 
compounds 250 

Funnels 7, 26 



Fusion 



11 



G. 



Gas-lamp . •' . • . 18, 25 
Geio acid, detection of, in soils . 277 
Georgina paper .... 66 
Gold, properties of ; . . . 125 
detection of, in alloys . . 213 
terchlpride of (as reagent) . . 65 
teroxide, deportment with re- 
agents . . . 125 
detection df, in simple 

compounds 216 
in complex 

compounds 235 



H. 



81 
277 



174 

172 
34 

171 

176 

290 



178 

163 

249 

87 



Halogens (as reagents) • . • 
Humic acid, detection of, in soils 
Hydriodic acid, deportment with re- 
agents ..... 
Hydrobromic acid, deportment with re- 
agents 
Hydrochloric acid (as reagent) 

deportment with re- 
agents 
HydrOOyanic add, deportment with re- 
agents 

in organic mat- 
ters . 
Hydroferricyanic acid, deportment with 

reagents 178 

Hydroferrocyanicadd, deportment with 

reagents . . ' . 
Hydrofluoric acid, properties and de- 
portment with reagents 
detection of 
Hydroflnosllidc acid (as reagent)- 

^ deportment with 
reagents 
Hydrogen adds (as reagents) 
Hydrosulphuric add w leageitj 

di^rtmdnt 
reagents 
detection of, in sim- 
ple compounds 
in complex com- 
pounds 
in mineral waters 267 
Hypochlorous add, deportment with re- 
agents 

detection of . 
Hyponiobic acid, deportment with re- 
agents 

detection of . . 
Hypophosphorous add, deportment 
with reagents .... 
Hyposulpburous add, deportment with 
reagents 




248 



182 
310 

98 
809 

182 



« 



detection of 



154 
809, 810 
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Lj^.. 



Ignition 10 

Indigo lolntion (as reagent) • • 67 
Inorganic bodies, detection of, in pre- 
sence of oiganic bodies . ' • 278 
Iodic «cid, deportment with reagents 154 
detection of . . . 310 
Iodine, detection o^ in simple com- 
pounds 220, 225, 227 
in complex com- 
pounds . 248 
in mineral waters 277 
properties of . . . . 174 
lion (as reagent) . • • . 47 
properties of ... . 105 
protoxide, deportment with reagents 105 
detection o^ in simple 

compounds . 217 
in complex com- 
pounds . 242 
in well and mi- 
1. neral waters 

264, 267, 268 

sulphate of protoxide (as reagent) 60 

sesquichloride (as reagent) . . 61 

sesquioxide, deportment with re- 

' agents .... 107 

detection 0^ in simple 

compounds • 215 
in complex com- 
pounds 231, 242 
in soils . . 276 
in well and mine- 
ral waters 264, 268 
Iridium, oxide, deportment with re- 
agents • . . 147 
detection . 310, 312 

L. 

Lactic acid, deportment with reagents . 196 

Lamps, use of 17 

Lanthftnium, oxide, deportment with 

reagents . 96 
-'"*' detection of . 811 
Lead, properties of, and deportment 

of oxide with reagents .. . 114 
oxide, detection of, in soluble simple 

compounds 214, 216 
in insoluble simple 

compounds • 227 
in soluble complex 

compounds 229, 237 
ininsoluble complex 

compounds . 254 

in organic matters 289 

in sinter deposits 272 

acetate (as reagent) . • 62 

Lime, deportment with reagents - . 35 

detection of, in soluble simple 

compounds • 218 
in soluble complex 
compounds 242, 243, 

245 
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Lime^ detection of, in insoluble ample 

compounds 227, 228 
in insoluble complex 

compounds • 252 

in soils . . 276 

in well and mineral 

waters . • 264 

sulphate (as reagent) . . 59 

water (as reagent) ... 46 

Lithia, deportment with reagents . 80 

detection of, in mineral waters 270 

Litmus-paper . • . • ,65 



M. 



86 



219 

245 
276 



Magnesia, deportment with reagents . 
detection o^ in simple com- 
pounds 
in complex com- 

I>OHnds 
in soils . 
in well and mi- 
neral waters 

264, 265 

sulphate of (as reagent) . 60 

Malic add, detection of, 

in simple compounds 
in complex compounds 
deportment with reagents . 
Manganese, properties of . 

protoxide, detection o^ in 

simple compounds 
in complex compounds 240, 243 
in soils . • . 275, 276 
in mineral waters 
protoxide, deportment with 
reagents 
Marsh's apparatus .... 
Mercury, detection of, in articles of 
food, kc 
properties of . . • 
chloride (as reagent) . 
oxide, deportment with re- 
agents . 
detection of, in soluble 
simple com- 
pounds . 
oxide, detection o£^ in soluble 

complex compounds 
suboxide, deportment with 
reagents .... 
detection of, in sim- 
ple com- 
pounds 24 
, in complex 

compounds 
nitrate o^ (as re- 
agent) 
MetaUic i>oi8on8, detection o^ in ar 

tides of food, &c. 
Metals (as reagents) . . 
Minetal waters, analysis of 
Molybdenum, deportment of oxide d, 
with reagents 



222 
250 
188 
101 

217 



269 

101 
138 

289 

113 

68 

116 



216 
237 
118 



229 

62 

279 

42 

266 



detection of 



148 
309, 312 
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Morphia^ deportment with reftgents . 818 
detection of, in simple com- 
pounds 329, 330 
in complex com- 
pounds . 831 

N. 

Narootinay deportment with reagents . 320 
detection of, in simple com- 
pounds 829, 830 
in complex com- 
pounds . 332 
Nickel, properties of . . • . 102 
protoxide, deportment with re- 
agents . .102 
detection of, in simple 

compounds . 217 
in complex 
compounds, 

241, 242 
Jfieotina^ deportment with reagents . 816 
Kiobic acid, detection . . .312 
Nitric acid (as reagent) ... 33 
deportment with reagents . 183 
detection of, in simple com- 
pounds . 221 
in complex com- 
pounds . 248 
in soils . . 275 
in well and mi- 
neral waters, 

264, 270 

Nitrohydroehloric add (as reagent) . 36 

Nitrous acid, deportment with reagents 181 

detection of . . .310 

in fresh waters 265 

in mineral waters 271 

0. 

Osmium, oxides, deportment with re- 
agents . . . 123 
detection of 810, 311, 312 
Oxalic add, properties of . . .162 
deportment with reagents . 162 
detection of, in simple com- 
pounds 220, 224, 225 
in complex com- 
pounds 248, 249, 252 
Oxidizing flame . . . .14 
Oxygen adds (as reagents) . . 31 
bases (as reagents) . . .42 

P. 

Palladium, properties of . . . 123 
protoxide of, deportment 

with reagents ' . . 128 
detection of . . . 310, 
sodio-cbloride as reagent . 65 
*Paratartaric add, dep6rtment with re- 
agents 190 

Perohloric add, deportment with re* . 

agfflits 186 

PfcoBpbate of soda and ammonia (as 

reagent) v 71 

Phosphates of alkaline earths, detec- 
' tion of, in simple compounds . 224 
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241 



156 
160 
160 



255 
276 



Phosphates in complex compounds 
Phosphoric add, deportment with re 

agODts 
monobasic 
bibadc . 
detection of, in simple 
compounds, 
220, 224, 225 
in complex 
compounds, 
243, 248, 251, 
in soils 275, 
in mineral 
waters, 264, 268 
in silicates, 

259, 261, 262 
in artides of 
food, &;c. 
Phosphorous add, deportment with re- 
agents 

Phosphorus, pi'operties of 
Pincers . . . . . 
Platinum, detection of, in alloys 

properties of . . . 
bichloride of (as reagent) . 
binoxide of, deportment with 
reagents 
detection of in sinn^ 
pie compounds 
in complex 
compounds 
crucibles and their use 
foil and wire . 
Porcelain dishes and crudbles 
Poitassa (as reagent) . 

antimonate (as reagent) 
bichromate (as reagent) 
nitrite (as reagent) 
sulphate (as reagent) 
deportment with reagents 
detection of, in simple com 
pounds . 
in complex com 

pounds 
in wdl and Si 
neral waters 
in silicates 
in soils . 
Potasdum, feiricyam'de of (as reagent) 
ferrocyanide of (as reagent) 
sulphocyanide of (as reagent) 

Precipitation 

Preliminary examination of solid bodies 204 

of fluids . 209 
Propionic add, deportment with re- 
agents 196 

* . Q- 

Quina, detection of, in dmple compounds 881 

Quina, detection of, in complex com- 
pounds .... 332 
deportment with reagents . 821 

Bacemic add, deportment witii reagents 190 



n, 

16, 



292 

167 
156 

26 
218 
126 

64 

126 

216 

285 
25 
25 
26 
42 
54 
53 
53 
50 
76 

219 

246 

265 

261 

276 

57 

66 

57 

6 
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Heactions ... . . 73 

Beagento 27 

Bedaeing flame . . .15 

Betorte 26 

Bhodiam, sesquiozide, deportment 

with reagents . . . . 128 

detection of 810 
Bubidium, oxide, deportment with re- 
agents 80 

detection in mineral 

waters . . 271 
Butheninm, oxides of, deportment 

with reagents .... 124 

detection of 810 



S. 



t ; 



JM. 



Salicine, deportment with reagents 


829 


detection of, in simple com- 




pounds 


380 


in complex oom- 




ponnds 881, 


882 


Salts (as reagents) .... 


49 


Selenium, properties of . . . 


149 


oxides of, deportment with 




reagents 


149 


detection of 


310 


Silicates, analysis of ... 


258 


Silicic add, properties and deportment 




with reagents 


169 


detection of, by the blow- 




pipe . 


209 


in soluble com- 




pounds 




217, 218. 220, 


224 


in insoluble simple 




compounds . 


228 


in soluble complex 




compounds, 




229. 230, 248, 


249 


in insoluble com- 




plex compounds 


253 


in soils 


276 


in mineral waters 


267 


Silrer, detection oL in articles of food, 




&c. . ." . . . 


288 


properties of ... 


112 


oxide 0^ deportment with re- 


• 


agents . 


112 


detection of, in simple 




compounds 




214, 


227 


in complex com- 




pounds ^29, 


253 


nitrate (as reagent) . 


62 


Sinter deposits, analysis of . ' '. 


271 


Soda (as reagent) . . . .\ 


42 


deportment with reagents . •, . 


7d 


detection of, in simple compounds 


219 


in complex com- 




pounds 


246 


in well and mineral 




waters . • 


265 


in silicates 


261 


in soils . 


276 


acetate of (as reagent) 


51 



kf 



PAGE 

Soda,biborateof (as reagent) • 71 
carbonate of (as reagent) . 51, 69 

nitrate of (as reagent) . . 69 

phosphate of (as reagent) . . 50 

sulphite of (as reagent) . . 52 
and ammonia, phosphate of (as 

reagent) . . . ,71 
and potassa, carbonate of (as re- 
agent) 67 

Sodio-protochloride of palladium (as 

reagent) .... 65 
Soils, analysis of . .273 

Solubility, table indicating degrees of . 844 

Solution 3 

of bodies for analysis . .210 

Spectroscope 23 

Spectrum analysis .... 21 

Spirit-lamps 17 

Strontia, deportment with reagents . 83 
detection of, in soluble simple 

compounds . 218 
in insoluble simple 

compounds . 228 
in soluble complex 

compounds . 245 
in insoluble com- 
plex compounds 252 
in mineral waters, 269 
in sinter deposits . 273 
Strychnia, deportment with reagents . 824 
detection of, in simple com- 
pounds 

329, 330. 331 
in complex com- 
pounds . 332 

Sublimation 11 

Sucoinicacid, detection of, in simplecom- 

poands . 223 

in complex 

compounds 250 

deportment with reagents 191 

Sulphate of lime (as reagent) . . 59 

Sulphide of ammonium (as reagent) . 48 

of carbon (as reagent) . . 80 

iron . . . .37 

sodium (as reagent) . 49 

Sulphides, metallic, detection of, in mm- 

ple compounds, 219, 225 
detection of^ in com- 
' plex compounds, 

248, 251 
detection of, in sili- 
cates . « . 259 
Sulphocyanide of potassium (as reagent) 57 
Sulphur acids (as reagents) . . 37 
bases (as reagents) . . 48 
detection of, in insoluble com- 
plex compounds . . 253 
properties of . . . 178 
Sulphuretted hydrogen (see hydrosul- 

phuric acid) 
* water (as reagent) 41 
Salphuric acid (as reagent) . 31 
deportment with re- 
agents • f • • -155 

• K 
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Sulplmric acid, detection of, in soluble 

simple com- 
pounds 220, 225 
in soluble com- 
plex compounds 247 
in insoluble sim- 
ple compounds 

227, 228 
in insoluble 
complex com- 
pounds 254, 265 
in soils . 275, 276 
detection of, in well and 

mineral waters, 264, 273 
in sUicates 259, 261 
Sulpburoufi add, deportment with re- 
agent 164 

T. 

Tantalic acid, deportment with re- 
agents . . • .98 
detection of . 309, 312 
^Tartaric add (as reagent) . . 34 
deportment with reagent 186 
detection of, in simple 

compounds 222 
in complex com 
pounds 
^Uurinm, oxides, deportment with re 
agents 

detection of 
Terbium, oxide, deportment with re 
agents .... 
detection of 
Test-paper .... 
Test-tubes , . . . 
Thallium oxides, deportment with re 
agents . 
note on . . • 
Tboria, deportment with reagents 

detection of 
Tin, properties of , . . - 
binoxide, deportment with reagents 
detection of, in soluble sim- 
ple Compounds 215 
in soluble complex 
compounds . 
in insoluble com- 
pounds 
in articles of food, 
&c 
protochloride (as reagent) . 
protoxide, departaent with re- 
agents . . . 128 



250 

149 
310 

95 

311 

65 

26 

111 
346 
95 
311 
128 
129 



235 

253 

288 
64 
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Tin, protoxide, detection o^ in simple 

compounds 315 
in complex 

compounds 235 
in articles of 
food, &c. . 289 
Titanic add, deportment with reagents 97 
detection of . .312 
Tungsten, oxides, deportment with re- 
agents .... 148 
detection of . . 309 
Turmeric paper .... 66 

U. 

Ulmic add, detection of, in soils . 277 

Uranium, oxides of, deportment with 

reagents .... 110 

. detection of . 312 

V. 

Vanadium, oxides, deportment with re- 
agents 110 

detection of . .312 
Veratria, deportment with reagents . 327 
detection of, in simple com- 
pounds 329, 330, 331 
in complex -com- 
pounds . 332 



W. 



Washing .... 

botties 
Water (as reagent) . 

bath .... 
Waters, analysis of natural 
Well-water, analysis of 
Wol&am, see Tungsten. 

Y. 

Yttria, deportment with reagents 
detection of 



Z. 



8 

.8, 26 

29 

9 
. 262 
. 263 



95 
312 



46 
99 
99 



Zinc (as reagent) .... 

properties of .... 

» oxide of, deportment with reagents 

detection of, in simple compounds 

217, 218 
in complex compounds 

239, 240, 248 

in sinter deposits . 272 

Zirconia, deportment with reagents . 94 

detection of . . * . 31 2 
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Anatomical RemembTancer . . 3 

Flower on Nerves 11 

Hassall's Micros. Anatomy . . 14 
Heale's Anatomy of the Langs 15 
Holden's Human Osteology .. 15 
Do. on Dissections .. ..15 
Huxley's Comparative Anatomy 1 6 
Jones* and Sieveking*s Patho- 
logical Anatomy 17 

Maclise's Surgical Anatomy .. 19 
St. Bartholomew's Hospital 

Catalogue .. 24 

Sibson's Medical Anatomy .. 25 
Waters' Anatomy of Lung . . 29 
Wheeler's Anatomy for Artists 30 
Wilson's Anatomy 31 
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Abel & Bloxam's Handbook . . 
Bowman's Practical Chemistry 

Da Medical da 
Fownes' Manual of Chemistry . . 

Do. Actonlan Prize . . . . 

Da Qualitative Analysis . . 
Fresenius' Chemical Analysis . . 
Gidloway's First Step ,. .. 

Da Second Stop .. .. 

Do. Analysis 12 

Do. Tables 12 

Griffith^ Four Seasons .. ..13 
Horsley's Chem. Philosophy . . 16 
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Ballard on Infants and Mothers 4 
Bonnet on Uterus 6 

Da on Uterine Pathology. . 6 

Bird on Children 7 

Blake on the Skin in Children 7 
Bryant's Surgical Diseases of 

Children 7 

Eyre's Practical Remarks ..11 
Harrison on Children .. ..14 
Hood on Scarlet Fever, Ac. . . 16 
Kiwisch(ed. by Clay) on Ovaries 9 
Lee's Ovarian & Uterine Diseases 18 
Do. on Diseases of Uterus . . 18 

Da on Speculum 18 

Seymour on Ovaxia 25 

Smith on Leucorrhoea .. ..26 
Tilt on Uterine Inflaxnmation.. 28 
Do. Uterine Therapeutics .. 28 
Do. on Change of Life .. t. 28 
Underwood on Children .. ..29 

West on Women 30 

Da (Uvedale) on Puerperal 

Diseases .. •• 20 
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Barker on Worthing 4 

Bennet on Mentone 6 

Dalrymple on Egypt 10 

Francis on Change of Climate.. 12 

Hall on Torquay 14 

Haviland on Climate 14 

Lee on Climate 18 

Da Watering Places of England 1 8 
McClelland on Bengal .. ..19 
McNicoU on Southport . . . . 19 
Martin on Tropical Climates .. 20 
Moore's Diseases of India . . 20 

Price on Menton 22 

Scoresby-Jackson's Climatology 24 
Shapter on South Devon . . . . 25 

Siordet on Mentone .. .. ..25 

Taylor on Pau and Pyrenees . . 27 



DEFOBMXTIES, fte. 

Barwell on Clubfoot 4 

Bigg on Deformities 6 

Do. on Artificial Limbs.. ••. ^ 
Bishop on Deformities . . ..6 

Do. Articulate Sounds .. 6 
Brodhurst on Spine 7 

Do. on Clubfoot .. .. 7 

Godfrey on Spine 13 

Hare on Spine 14 

Hugman on Hip Joint . . . . 16 
Tamplin on Spine 27 
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Diseases of, and SYPHILIS. 

Acton on Reproductive Organs 93 

Coote on Sypliilis 10 

Gant on Bladder 13 

Hutchinson on Inherited Syphilis 1 6 

Judd on SyphiUs 17 

•Lee on Syphilis 18 

•Parker on SyphiHs 21 

Wilson on Syphilis .. .. ..81 

HYGIENE. 

Armstrong on Naval Hygiene 4 

Beale's Laws of Health .. .. 5 

Da Health and Disease .. 5 

Bennet on Nutrition 6 

Carter on Training 8 

Chavasse's Advice to a Mother . . 9 
Do. Advice to a Wife .. 9 
Dobell's Germs and Vestiges of 

Disease .. •• •• H 

Do. Diet and Regimen ..11 

Granville on Vichy 13 

Hartwig on Sea Bathing . . . . 14 
Do. Physical Education 14 

Hnfeland's Art of prolonging Life 16 
Lee's Baths of Germany .. ..18 
Moore's Health in Tropica .. 20 

Paikin on Disease 21 

Pickford on Hygiene .. ..21 

Robertson on Diet 24 

Routh on InfiEint Feeding . . . . 23 
Rumsey's Steto Medicine . . . . 24 
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Wilson on Healthy Skin .. ..81 
Do. on Mineral Waters .. 31 
Da on Turkish Bath . . . . 31 
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Beasley's Book of Prescriptions 5 
Nevins' Analyrisof Pharmacop» 20 
Pereira's Selecto e Praescriptis 21 
Pharmacopoeia Londinensis - .. 22 
Prescrlber's Pharmacopooia .. 22 
Royle's Materia Medica .. ..24 
Squire'sHospitelPharmacop8Bias26 
Steggall's First Lines for Che- 
mists and Druggists .. ..26 
Stowe's Toxicologlcal Chart .. 26 

Taylor on Poisons 27 

Wittstein's Pharmacy .. ..81 

MEDICINE. 

Adams on Rheumatic Gout . . 3 
Addison on Cell Therapeutics . . 3 
Do. on Healthy and Dis- 
eased Structure 3 

Anderson on Fever 3 

Austin on Paralysis 4 

Barclay on Medical Diagnosis . . 4 
Barlow's Practice of Medicine 4 

Basham- on Dropsy 5 

Brinton on Stomach 7 

Do. on Ulcer of do. . . . . 7 
Budd on the Liver .. .i >. 8 

Do. on Stomach 8 

Camplin on Diabetes . . . . . . 8 

Chambers on Digestion .. .. 8 

Da Renewal of Life . . 8 
Davey's Ganglionic Nervous 

System 10 

Eyre on Stomach 11 

French on Cholera 12 

Fuller on Rheumatism . < . . 12 

Gairdner on Gout 12 

Gibbon Throat 13 

Granville on Sudden Death .. 13 
Gully's Simple Treatment .. 13 
Habershon on the Abdomen .. 13 
Do. on Mercury .. ..13 
Hall (Marshall) on Apnoea ..14 
Do. Observations.. 14 

Headland— Action of Medichies 14 
Hooper's Physician's Vade- 

Mecum 13 

Inman's New Theory .. ..16 

Da Myalgia 16 

James on Laryngoscope . . . . 17 
Maclachlan on Advanced Life . . 19 
Murcet on Chronic Alcoholism . 19 

Pavy on Diabetes 21 

Peacock on Influenza . . . . 31 
Richardson's Asclepiad . . . . 23 

Roberts on Palsy 23 

Robertson on Gout 24 

Savory's Compendium .. ..24 

Semple on Cough 24 

Seymour on Dropsy 25 



MATERIA MEDICA and 
PHABMACY. 

Bateman's Magnacopia .. .. 5 

Beasley's Formulary 5 

Do. Receipt Book . . . . 5 



Shaw's Remembrancer 
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Smee on Debility 25 

Thomas' Practice of Physic .. 27 
Thudichum on Gall Stones .. 27 
Todd's Clinical Lectures . . . . 28 
Tweedie on Continued Fevers 98 

Wells on Gout 30 

What to Observe at the Bedside 19 

Williams' Principles 30 

Wright on Headaches .. ..31 
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MIGBOSCOPE. 

VAex 

Beale on Microscope in Medicine 5 

Do. How to Work . . . . 5 

Carpenter on Microscope . . . . 8 

Schachton do 24 

HISGELLANEOTTS. 

Acton on Prostitution . . . . 3 
Bascome on Epidemics .. .. 4 

Bryce on Sebastopol 8 

Goolej's Cyclopedia 9 

Forbes' Nature and Art in Disease 12 
Gordon on China .. .. ..13 

Graves' Physiology and Medicine 13 
Guy *s Hoq[>ital Reports .. ..13 

Harrison on Lead in Water . . 14 
Hingeston's Topics of the Day . . 15 

Lane's Hydropathy 18 

Le Hardy's Home Nurse .. ..18 
Lee on Homoeop. and Hydrop. 18 

MarcetonFood 19 

Massy on Recruits 20 

Mayne's Medical Vocabulary .. 20 

Part's Case Book 21 

Redwood's Supplement to Phar- 
macopoeia 23 

Ryan on Infanticide . . .. ^.24 

Snow on Chloroform 26 

Steggall's Medical Manual .. 26 
Do. Gregory's Conspectus 26 

Do. Celsus 26 

Whitehead on Transmission .. 30 



NEBVOUS DISEASES AND 

INDIGESTION. 

Birch on Constipation . . . . 6 

Carter on Hysteria 8 

Downing on Neuralgia .. .. il 

Hunt on Heartburn 16 

Leared on Imperfect Digestion 18 
Lobb on Nervous Affections . . 19 
Radcliffe on Epilepsy . . . . 23 
Reynolds on the Brain . . . . 23 
Do. on Epilepsy . . . . 23 
Rowe on Nervous Diseases . . 24 
Sieveking on Epilepsy . . , . 25 
Turnbnll on Stomach .. ..28 

OBSTETRICS. 

Barnes on Placenta Prsevia . . 4 

Davis on Parturition 11 

Hodges on PuerperalCohvnlsions 15 
Lee's Clinical Midwifery .. ..18 

Do. Consultations 18 

Leishman's Mechanism of Par- 
turition 19 

Mackenzie on Phlegmasia Do- 
lens 19 

Pretty's Aids during Labour .. 22 
Priestley on Gravid Uterus . . 22 
Ramsbotham's Obstetrics . . . . 23 
Do. Midwifery.. .. 23 

Sinclair & Johnston's Midwifery 25 
Smellie's Obstetric Plates.. .. 25 
Smith's Manual of Obstetrics . . 26 

Swayne's Aphorisms 27 

Waller's Midwifery 29 
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OPHTHALMOLOOT. 

Cooper on Ii^Juries of Eye 

Do. on Near Sight 
Dalrymple on Eye . . . . 
Dixon on the Eye . . . . 
Hogg on Ophth:ilmoscope 
Holthouse on Strabismus . . 

Do. on Impaired Vision 
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Hulke on the Ophthalmoscope 16 

Jacob on Eye-ball 16 

Jones' Ophthalmic Medicine . . 17 
Do. Defects of Sight .. ..17 

Do. Eye and Ear 17 

Nunneley on the Organs of Vision 2 1 

Walton on the Eye 29 

Wells on Spectacles 29 

PHTSIOLOOT. 

Carpenter's Human 8 

Do. Comparative . . . . 8 

Do. Manual 8 

Heale on Vital Causes .. ..15 
O'Reilly on the Nervous System 21 
Richardson on Coagulation . . 23 
Shea's Animal Physiology .... 25 
Vhrchow's (ed. by Chance) Cel- 
lular Pathology 8 

PSTGHOLOOT. 

Arlidge on the State of Lunacy 4 
Bu(^nill and Tuke's Psycholo- 
gical Medicine 8 

ConoUy on Asylums 9 

Davey on Nature of Insanity . . 10 
Dunn's Physiological Psycho- 
logy .. , 11 

Hood on Criminal Lunatics . . 16 
Millingen on Treatment of In- 
sane 20 

Noble on Mind 21 

Williams (J. H.) Unsoundness of 
Mind 30 

PTTLHONABT and CHEST 

DISEASES, ftc. 

Alison on Pulmonary Consump- 
tion 3 

Billing on Lungs and Heart . . 6 
Blaklston on the Chest . . . . 7 

Bright on the Chest 7 

Cotton on Consumption .. ..10 

Do. on Stethoscope . . . . 10 

Davies on Lungs and Heart . . 11 

DobeU on the Chest 11 

Fenwick on Consumption . . ..11 

Fuller on Chest 12 

Do. on Heart 12 

Jones (Jas.) on Consumption . . 17 
Laennec on Auscultation . . . . 18 

Markham on Heart 20 

Richardson on Consumption . . 23 
Salter on Asthma . . . . ' . . 24 
Skoda on Auscultation .. ..20 
Thompson on Consumption . . 27 
Timms on Consumption ... ..28 
Tumbull on Consumption ... 28 
Waters on Emphysema . . . . 29 
Weber on Auscultation .. ..29 

BENAL and UBINABT 
DISEASES. 

Acton on Urinary Organs . . 3 

Beale on Urine 5 

Bird's Urinary Deposits .. .. 6 

Coulson on Bladder 10 

Hassall on Urine .. .. ..14 

Parkes on Urine 21 

Thudichum on Urine . . . . 27 
Todd on Urinary Organs . . . . 28 



SCIENCE. 

Baxter on Organic Polarity . . 5 
Bentley's Manual of Botany .. 6 
Bird's Natural Philosophy .. 6 
Craig on Electric Tension . . 10 
Hardwich's Photography.. .. 14 

Hinds* Harmonies 15 

Jones on Vision 17 

Do. on Body, Sense, and Mind 17 

Mayne's Lexicon 20 

Pratt's Genealogy of Creation.. 22 
Do. Eccentric and Centric 

Force 22 

Pratt on Orbital Motion .. ..22 
Price's Photographic Manipula- 
tion 22 

Rainey on Shells 23 

Reymond's Animal Electricity 23 
Taylor's Medical Jurisprudence 27 
Unger's Botanical Letters .. 29 
Vestiges of Creation 28 

SUBOEBT. 

Adams on Reparation of Tendons 3 

Do. Subcutaneous Surgery 3 
Anderson on the Skin . . . . 3 

Ashton on Rectum 4 

Barwell on Diseases of Joints . . 4 
Brodhurst on Anchylosis . . . . 7 
Bryant on Diseases of Joints . . 7 

Callender on Rupture 8 

Chapman on Ulcers 9 

Do. Varicose Veins.. .. 9 
Clark's Outlines of Surgery . . 9 
Cooper (Sir A.) on Testis . . . . 9 

Do. (S.) Surg. Dictionary 10 
Coulson on Lithotomy .. ..10 
Curling on Rectum 10 

Do. on Testis 10 

Druitt's Surgery 11 

Fergusson's Surgery 11 

Gant's Principles of Surgery .. 13 
Heath's Minor Surgery and 

Bandaging 15 

Higginbottom on Nitrate of Silver 15 

Hodgson on Prostate 15 

Holt on Stricture 15 

James on Hernia 17 

Jordan's Clinical Surgery .. 17 

Lawrence's Surgery 18 

Do. Ruptures 18 

Listen's Surgery 19 

Macleod's Surgery of the Crimea 19 

Maclise on Fractures 19 

Maunder's Operative Surgery . . 20 
Nunneley on Erysipelas .. ..21 

Pirrie's Surgery 22 

Price on Scrofula 22 

Savage's Female Pelvic Organs 24 
Smith on Stricture 25 

Da on Haemorrhoids . . . . 25 
Steggall's Surgical Manual .. 26 
Teale on Amputation . . . . 27 
Thompson on Stricture . . . . 27 

Da on Prostate . . . . 27 

Da Lithotomy and Lithotrity 27 
Tomes' Dental Surgery . . . . 28 

Toynbee on Ear 28 

Wade on Stricture 29 

Watson on the Larynx .. ..29 
Webb's Surgeon's Ready Rules 29 
Williamson on Military Surgery 30 
Do. on Gunshot Ii\jurie8 30 
Wilson on Skin Diseases . . . . 31 

Do. Portraits of Skin Diseases 31 
Yearsley on Deaftaess .. ..31 

Do. on Throat 81 
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1 MR. F. A. ABEL, F.R.S.. So MR. O. L. BLOXAM. • 

* HANDBOOK OF CHEMISTEY: theoretical, practical, 

AND TECHNICAL. Second EdiUon. 8vo. doth, I5s. 
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MR. ACTON, M.R.03. 

A PRACTICAL TREATISE ON DISEASES OF THE URINARY 

AND GENERATIVE ORGANS IN BOTH SEXES. Third Edition. 8vo. cloth, 
£1. U With Plates, £1. lis. 6d, The Plates alone, limp doth, lOf. 6d. 

THE FUNCTIONS AND DISORDERS OF THE REPRODUC- 

TIVE ORGANS IN CHILDHOOD, YOUTH, ADULT AGE, AND ADVANCED 
LIFE, considered in their Physiological, Social, and Moral Relations. Third Edition. 
8vo. cloth, 10«. 6d, ju^ 

PROSTITUTION : Considered in its Moral, Social, and Sanitary Bearings, 

with a View to its Amelioration and Regulation. 8vo. doth, lOf. 6(2. 
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DR. ADAMS, A.M. 

A TREATISE ON RHEUMATIC GOUT; OE, CHRONIC 

RHEUMATIC ARTHRITIS. 8yo. doth, with a Qoarto Atlas of PUtes, 21f . 
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MR. WILLIAM ADAMS, F.R.O.S. 

ON THE REPARATIVE PROCESS IN HUMAN TENDONS 

AFTER SUBCUTANEOUS DIVISION FOR THE CURE OF DEFORMITIES. 
With Pktes. 8vo. doth, 6s. u 

SKETCH OF THE PEINCIPLES MD PRACTICE OF 

SUBCUTANEOUS SURGERY. 8vo. doth, 2«. 6rf. 

DR. WILLIAM ADDISON, F.R.8. 

 CELL THERAPEUTICS. 8vo. doth, 4.. 
ON HEALTHY AND DISEASED STRUCTURE, amd the Tbde 

Principlis of Trbatmbnt for thb Curb of Disbasb, bspbciallt Conhumption 
AND Scrofula, founded on Microscopical Analysis. 8yo. doth, 12«. 
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DR. 80MERVILLE SOOTT ALISON, M.D. EDIN., F.R.O.P. 

THE PHYSICAL EXAMINATION OF THE CHEST IN PUL- 

MONARY CONSUMPTION, AND ITS INTERCURRENT DISEASES. With 
Engrayings. 8yo. doth, 12s. 
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THE ANATOMICAL REMEMBRANCER; OK, COMPLETE 

POCKET ANATOMIST. Fifth Edition, carefully Reviled. SSino. doth, S>. 6d. 
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DR. ANDRENA/ ANDERSON, M.D. 

TEN LECTURES INTRODUCTORY TO THE STUDY OF FEYER 

Post Syo, doth, 5«. 
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DR. MOOALL ANDERSON, M.D. 

I PARASITIC AFFECTIONS Of'' THE SKIN. With Engravings. 

Z 8vo. doth, 58. 

i PRACTICAL TREATISE ON ECZEMA, with Engrayings. Svo. 

^ doth, 5s. 
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f DR. ARLIDGE. ^ 

ON THE STATE OF LUNACY AND THE LEGAL PROVISION 

FOR THE INSANE; with Obserrations on the Coiistractlon and Organisation of 
Afylmns. 8yo. cloth, 7«. 
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DR. ALEXANDER ARM8TRONQ, R.N. 

OBSERVATIONS ON NAVAL HYGIENE AND SCURVY. 

More particularly as the latter appeared during a Polar Voyage. 8yo. qloth, 5«. 
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MR. T. J. ASHTON. 

ON THE DISEASES, INJURIES, AND MALFORMATIONS 

OF THE RECTUM AND ANUS. Fourth Edition. 8vo. cloth, 8«. 

PROUPSUS, FISTULA IN ANO, AND HEMORRHOIDAL 

AFFECTIONS ; their Pathology and Treatment. Second Edition. Post 8vo. cloth, 2s. 6i. 
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MR. THOS, J. AUSTIN, M.R.C.S. ENQ. 

A PRACTICAL ACCOUNT OF GENERAL PARALYSIS: 

Its Mental and Physical Symptoms, Statistics, Causes, Seat, and Treatment 8 vo. cloth, 6«. 

DR. THOMAS BALLARD, M.D. 

A NEW AND KATIONAL EXPLANATION OF THE DIS- 

EASES PECULIAR TO INFANTS AND MOTHERS ; with obvious Suggestions 
for their Prevention and Cure. Post 8vo. cloth, 4f. 6d, 
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DR BARCLAY 

A MANUAL OF MEDICAL DIAGNOSIS. Second Edition. 

Foolscap 8vo. cloth, 8^. 6d, mF^^^..***,,^^,*^^, 

DR. W. Q. BARKER. 

ON THE CLIMATE OF WORTHING: its Remedial influence in 

Disease, especially of the Lungs. Crown 8vo. cloth, 3$. 
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DR. BARLONA^. 

A MANUAL OF THE PRACTICE OF MEDICINE. Second 

Edition. Fcap. 8vo. cloth, 12s. 6d, 
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DR BARNES 

THE PHYSIOLOGY AND TREATMENT OF PLACENTA 

PRiBVIA; being the Lettsomian Lectures on Midwifery for 1857. Post 8vo. cloth, 6«. 
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MR. BAR\A/ELL. F.R.C.S. 

A TREATISE ON DISEASES OF THE JOINTS. With Engrav- 

ings. 8vo. doth, 12*. 

ON THE CURE OF CLUBFOOT WITHOUT CUHING 

TENDONS, and on certain new Methods of Treating other Deformities. Willi 
Engravings. Fcap. 8vo. cloth, 3$. 6d, 
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DR. BA8COME. 

A HISTORY OF EPIDEMIC PESTILENCES, FROM THE 

EARLIEST AQES. 8to. cloth, Ss. 
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DR. BASHAM. 

ON DEOPST. CONNECTED WITH DISEASE OF THE 

KIDNEYS (MORBUS BRIGHTII), and on some other DiBeiues of those Oigans, 
associated with Albuminous and Purulent Urine. Illustrated by numerous Drawings 
from the Microscope. Second Edition. 8yo. cloth, 9$, 
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MR. H. F. BAXTER, M.R.C.S.L. 

ON ORGANIC POLARITY; showing a Connexion to exist between 

Organic Forces and Ordinary Polar Forces. Crown 8vo. cloth, 5«. 
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MR. BATEMAN. 

MAGNACOPI A : A Practical Library of Profitable Knowledge, commu- 
nicating the general Minutiae of Chemical and Pharmaceutic Routine, together with the 
generality of Secret Forms of Preparations. Third Edition. 18mo. 6«. 
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MR. LIONEL J. BEALE, M.R.03. 

THE LAWS OF HEALTH IN THEIE RELATIONS TO MIND 

AND BODY. A Series of Letters from an Old Practitioner to a Patient Post 8to. 
cloth, 7«. Qd. II. 

HEALTH AND DISEASE, IN CONNECTION WITH THE 

GENERAL PRINCIPLES OF HYGIENE. Fcap. 8to., 2*. 6(f. 
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DR. BEALE, F.R.S. 

I. 



URINE, URINARY DEPOSITS, AND CAIiJULI : and on the 

Treatment of Urinary Diseases. Numerous Engravings. Second Edition, much Enlaiged. 
Post 8yo. doth, 8«. 6d, u 

HOW TO WORK WITH THE MICROSCOPE. lUustmted Edition. 

Crown 8vo. cloth, 5$. 6d. 
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THE MICEOSCOPE, IN ITS APPLICATION TO PRACTICAL 



MEDICINE. With a Coloured Plate, and 270 Woodcuts. Second Edition, 
doth, 14«. iv. 



8yo. 



ILLUSTRATIONS OF THE SALTS OF URINE, URINARY 

DEPOSITS, and CALCULI. 37 Plates, containing upwards of 170 Figures copied 
from Nature, with descriptive Letterpress. 8yo. cloth, Ss, 6d, 
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THE BOOK OF PRESCRIPTIONS; containing 8000 Prescriptions. 

Collected from the Practice of the most eminent Physicians and Surgeons, English 
and Foreign. Second Edition. 18mo. cloth, 6«. 

THE DRUGGIST'S GENERAL ' RECEIPT-BOOK : comprising « 

copious Veterinary Formulary and Table of Veterinary Materia Medica ; Patent and 
Proprietary Medicines, Druggists^ Nostrums, kc. ; Perfumery, Skin Cosmetics, Hair 
Cosmetics, and Teeth Cosmetics ; Beverages, Dietetic Articles, and Condiments ; Trade 
Chemicals, Miscellaneous Preparations and Compounds used in the Arts, &c; with 
useful Memoranda and Tables. Fifth Edition. 18mo. cloth, 6«. 

III. 

THE POCKET FOEMULAET AND SYNOPSIS OF THE t 

BRITISH AND FOREIGN PHARMACOPCEI AS ; comprising standard and I 
approved Formulae for the Preparations and Compounds employed in Medical Practice, jr 
Seventh Edition, corrected and enlarged. 18mo. cloth, Ss, ft. 
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. DR. HENRY BENNET. 

A PRACTICAL TREATISE '' ON INFLAMMATION AND 

OTHER DISEASES OF THE UTERUS. Fourth Edition, revised, with Additions. 
8vo. cloth, 16». n. 

A REVIEW OF THE PRESENT STATE OF UTERINE 

PATHOLOGY. 8to. doth, 4». 

III. 

NUTRITION IN HEALTH AND DISEASE Post 8vo. doth, 5». 
MENTONE, THE RIVIERA, SrSICA, AND BIARRITZ, AS 

WINTER CLIMATES. Second Edition. Post 8to. cloth, St. 
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PROFESSOR BENTLEY, F.L.S. 

A MANUAL OF BOTANY. With nearly 1,200 Engravings on Wood. 

Fcap. 8yo. doth, 12f. 6d, 
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MR. HENRY HEATHER BIQG. 

THE MECHANICAL APPLIANCES NECESSARY FOR THE 

TREATMENT OF DEFORMITIES. 

Part I. — ^The Lower Limhs. Post Bvo. doth, 4«. 

Pabi II. — The Spine and Upper Extremities. Post Bvo. doth, 4& Qd, 

ARTIFICIAL LIMBS ; THEIr'WsTRUCTION AND APPLI- 

CATION. With Engravings on Wood. 8yo. doth, 3f. 
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DR. BILLING, FJt.S. 

ON DISEASES OF THE LUNGS AND HEART. 8vo. cloth, 6*. 
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DR. S. B. BIROH, M.D. 

CONSTIPATED BOWELS : the Various Causes and the Rational Means 

of Cure. Second Edition. Post 8yo. doth, Ss. 6d, 
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DR. GOLDING BIRD, F.R.8. 

URINARY DEPOSITS; THEIR DIAGNOSIS, PATHOLOGY, 

AND THERAPEUTICAL INDICATIONS. With Engravings. Fifth Edition. 
Edited hy K Lloto Bibkbtt, MD. Post 8vo. doth, 10«. Sd. 

ELEMENTS OF NATURAL PHILOSOPHY ; being an Experimental 

Introduction to the Study of the Physical Sciences. With numerous Engravings. Filth 
Edition. Edited hy Chables Bbooke, M.R Cantah., F.RS. Fcap. 8vo. dodi, 
128. 6d. 
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MR. BISHOP, F.R.S. 

ON DEFORMITIES OF THE HUMAN BODY, their Pathology . 

and Treatment With Engravings on Wood. Bvo. doth, lO^. 4 

ON ARTICULATE SOUNDS, AND ON THE CAUSES AND i 

CUBE OF IMPEDIMENTS OF SPEECH. 8to. cloth, 4». M 
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MR. P. HINCKES BIRD, F.R.C3. 

PRACTICAL TREATISE ON THE DISEASES OF CHILDREN 

AND INFANTS AT THE BREAST. Translated from the French of M. Bouchut, 
with Notes and Additions. 8to. cloth. 20s. 
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MR. ROBERT HOWARTH BLAKE, M.R.C.S.L. 

ON DISEASES OF THE SKIN IN CHILDREN. From the French 

of Caillauli. Re-issued, much enlai^d. Post 8yo. cloth, Ss, 6d. 
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DR. BLAKISTON, F.R.S. 

PRACTICAL OBSERVATIONS ON CERTAIN DISEASES OF 

THE CHEST; and on the Principles of Auscultation. 8to. doth, 128. 
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MR. JOHN E. BOWMAN, So MR. C. L. BLOXAM. 
I. 

PRACTICAL CHEMISTEY, including Analysis. With numerous Hlus- 
trations on Wood. Fourth Edition. Foolscap 8to. cloth, 6s, 6d, 

II. 

MEDICAL CHEMISTRY ; with illustrations on Wood. Fourth Edition, 

carefully revised. Fcap. 8to. cloth, 68, 6d, 
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DR. JAMES BRIQHT. 

ON DISEASES OF THE HEART, LUNGS, & AIR PASSAGES; 

with a Review of the several Climates recommended in these Affections. Third Edi- 

UOn. X OSv OVO. ClOvU, %fS, »rm*»rr*m,,iH0»,mf»^» 

DR. BRINTON. 

THE DISEASES OF THE STOMACH, with an introduction on its 

Anatomy and Physiology; heing Lectures delivered at St Thomases Hospital Post 8vo. 
cloth, 109. 6d, 

THE SYMPTOMS, PATHOLOGY, AND TREATMENT OF 

ULCER OF THE STOMACH. Port 8vo. cloth, S». 
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MR. BERNARD E. BRODHUR8T, F.R.aS. 

ON LATERAL CURVATURE OF THE SPINE: its Pathology and 

Treatment. Post 8vo. cloth, with PUtes, 3ff. 

ON THE NATUEE AND TREATMENT OF CLUBFOOT AND 

ANALOGOUS DISTORTIONS involving the TIBIO-TARSAL ARTICULATION. 
With Engravings on Wood. 8vo. cloth, is, 6d» 

PRACTICAL OBSERVATIONS ON THE DISEASES OF THE 

JOINTS INVOLVING ANCHYLOSIS, and on the TREATMENT for the 
RESTORATION of MOTION. Third Edition, much enlarged, 8vo. doth, As. 6d. 
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MR. THOMAS BRYANT, F.R.C.S. 

ON THE DISEASES AND INJURIES OF THE JOINTS 

CLINICAL AND PATHOLOGICAL OBSERVATIONS. Poet 8vo. cloth, 7». 6rf 

II. 

THE SURGICAL DISEASES OF CHILDREN. The Lettsomian 

Lectures, delivered March, 1863. Post 8vo. cloth, Bs, 
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DR. BRYCE. 

ENGLAND AND FRANCE BEFORE SEBASTOPOL, looked at 

from a Medical Point of View. 8vo. doth, 6«. 
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OR. BUDD, F.R.8. 

ON DISEASES OF THE LIVER 

lUnstrated with Coloured Plates and Engravings on Wood. Third Edition. 8yo. doth, I61. 

ON THE ORGANIC DISEASiS AND FUNCTIONAL Dis- 
orders OF THE STOMACH. 8to. doth, 9t. 
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DR. JOHN CHARLES BUCKNILL, 6b DR. DANIEL H. TUKE. 

A MANUAL OF PSYCHOLOGICAL MEDICINE: containing 

the Histoiy, Nosology, Description, Statistics, Diagnosis, Pathology, and Treatment of 
Insanity. Second Edition. 8yo. cloth, 15«. 
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MR. OALLENDER, F.R.C.S. 

FEMOEAL RUPTUEE: Anatomy of the Parta concerned. With Plates. 

8vo. cloth, 4& *^" 

DR. JOHN M. OAMPLIN, F.L.8. 

ON DIABETES, AND ITS SUCCESSFUL TREATMENT. 

Third Edition, by Dr. GloYer. Fcap. 8vo. doth, 3«. 6J. 
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MR. ROBERT B. CARTER, M.R.O.S. 

ON THE INFLUENCE OF EDUCATION AND TRAINING 

IN PREVENTING DISEASES OF THE NERVOUS SYSTEM. Fc^ Svo, 6». 

THE PATHOLOGY AND TREATMENT OF HYSTERLi. Post 

8vo. cloth, 4f. 6rf. %^.^w.*,ww»^ 

DR. CARPENTER, F.R.S. 

PEINCIPLES OF HUMAN PHYSIOLOGY. With nmnerons nius- 

trations on Steel and Wood. Fifth Edition. 8yo. cloth, 26f. 

PRINCIPLES OF COMPARATIVE PHYSIOLOGY. Binstrated 

with 800 Engravings on Wood. Fourth Edition. 8vo. cloth, 24«. 

ni. 

A MANUAL OF PHYSIOLOGY. With numerous niustrations on 

Steel and Wood. Third Edition. Fcap. 8yo. doth, 12«. U, 

IV. 

THE MICROSCOPE AND ITS REVELATIONS. With nume- 

rous Engravings on Sted and Wood. Third Edition. Fcap. 8yo. doth, 12«. 6<i. 

DR. CHAMBERS. 
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THE EENEWAL OF LIFE. Clinical Lectures illustrative of a Resto- 

rative System of Medicine. Second Edition. Post 8yo. doth, 6«. 6c^ 

DIGESTION AND ITS DERANGEMENTS. Post Svo. doth, io«. %d. 
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DR. CHANCE, M.B. 

VIEGHOW'S CELLULAE PATHOLOGY, AS BASED UPON 

PHYSIOLOGICAL AND PATHOLOGICAL HISTOLOGY. With 144 Engrav- 
ings on Wood. 8yo. cloth, I69. 
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MR. H. T. CHAPMAN, F.R.O.S. 

THE TEEATMENT OF OBStWtE ULCERS AND CUTA- 

NEOUS ERUPTIONS OF THE LEG WITHOUT CONFINEMENT. Third 
Edition. Post Syo. cloth, 3s. 6d. 

n. 

VARICOSE YEINS : their Nature, Consequences, and Treatment, Pallia- 

ti?e and Carative. Post 8?o. cloth, 3«. 6d. 
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MR. PYE HENRY CHAVA88E, F.R.C.8. 

ADVICE TO A MOTHEE ON THE MANAGEMENT OF 

HER OFFSPRING. Seventh Edition. Foolscap Svo., 2a. 6d. 

ADVICE TO A WIFE ON THE MANAGEMENT OF HER 

OWN HEALTH. With an Introductoiy Chapter, especially addressed to a Young 
Wife. FifUi Edition. Fcap. 8m, 2«. 6d. 
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MR. LE GROS CLARK, F.R.C.S. 

OUTLINES OF SURGERY ; being an Epitome of the Lectures on the 

Principles and the Practice of Sm^ery, delivered at St. Thomases Hospital Fcap. Svo. 

MR. JOHN CLAY, MJ^.O.S. 

KIWISCH ON DISEASES OF THE OVARIES: Translated, by 

permission, from the last German Edition of his Clinical Lectures on the Special Patho- 
logy and Treatment of the Diseases of Women. With Notes, and an Appendix on the 
Operation of Ovariotomy. Royal 12mo. doth, 16f. 
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DR. CONOLLY. 

THE CONSTRUCTION AND GOVERNMENT OF LUNATIC 

ASYLUMS AND HOSPITALS FOR THE INSANE. With Phms. Post Svo. 



cloth, 68. 



WMfMMWWA««#WMIMWW0 



MR. OOOLEY. 
COMPREHENSIVE SUPPLEMENT TO THE PHARMACOPOSIAS. 

THE CYCLOP JSDIA OF PRACTICAL RECEIPTS, AND COL- 

LATERAL INFORMATION IN THE ARTS, PROFESSIONS, MANU- 
FACTURES, AND TRADES, INCLUDING MEDICINE, PHARMACY, AND 
DOMESTIC ECONOMY ; designed as a Compendious Book of Reference for the 
Manufiicturer, Tradesman, Amateur, and Heads of Families. Third and greatly 
enlaiged Edition, Svo. cloth, 26^. 
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SIR A8TLEY COOPER, BART., F.R.8. 

ON THE STRUCTURE AND DISEASES OF THE TESTIS. 

With 24 PUtes. Second Edition. Royal 4to., 20«. 
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IN/IR. W. WHITE COOPEa 



ON WOUNDS AND INJURIES OF THE EYE. ninatrated by 

17 Coloured Figures and 41 Woodcuts. Svo. cloth, 12c. 
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ON NEAR SIGHT, AGED SIGHT, IMPAIRED VISION, 

AND THE MEANS OF ASSISTING SIGHT. With 31 Illustrations on Wood. 
Second Edition. Fcap. Svo. doth, 7c. 6d, 
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MR. COOPER. 

A DICTIONAEY OF PRACTICAL SURGERY AND ENCYCLO- 
PEDIA OF SURGICAL SCIENCE. New Edition, brought down to the present 
time. By Sam ubl A. Lanb, F.R.C.S., assisted by varioas eminent Soigeons. VoL I., 
8yo. cloth, £1, Bs. 
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MR. HOLMES CCOTE, F.R.C.8. 

A REPORT ON SOME IMPORTANT POINTS IN THE 

TREATMENT OF SYPHILID 8to. cloth, St. 
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DR. COTTON. 



I. 



ON CONSUMPTION: its Nature, Symptoms, and Treatment. To 
which Essay was awarded the Fothergillian Gold Medal of the Medical Society of 
London. Second Edition. 8vo. cloth, 89. 



II. 



PHTHISIS AND THE STETHOSCOPE; OR, THE PHYSICAL 

SIGNS OF CONSUMPTION. Third Edition. Foolscap 8to. doth, 3>. 
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MR. COUL8CN. 

ON DISEASES OF THE BLADDER AND PROSTATE GLAND. 

The Fifth Edition, revised and enlarged. 8vo. cloth, 10«. 6(2. 

ON LITHOTRITT AND LITHOTOMY; with Engravings on Wood. 

8 70. cloth, %8, 



0>0^^0>»w^mm0i0^i0*'0mm0i0m 



MR. >A/ILLIAM CRAIQ, L.F.P.8., QLASQONA/. 

ON THE INFLUENCE OF TAEIATIONS OF ELECTRIC 

TENSION AS THE REMOTE CAUSE OF EPIDEMIC AND OTHER 
DISEASES. 8yo. cloth, 10«. 
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MR. CURLINQ, F.R.S. 
I. 



OBSERVATIONS ON DISEASES OF THE RECTUM. Third 

£dition. 8vo. cloth, Ts. 6d. n 

A PRACTICAL TREATISE ON ' DISEASES OF THE TESTIS, 

SPERMATIC CORD, AND SCROTUM. Second Edition, with Additions. 8vo. 
cloth, 14«. 
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DR. DALRYMPLE, M.R.C.P., F.R.C.S. 

THE CLIMATE OF EGYPT : METEOROLOGICAL AND MEDI- 

CAL OBSERVATIONS, with Practical Hints for Invalid TraTellers. Poet 8to. cloth, 4s. 
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MR. JOHN DAL RYMPLE, F.R.8., F.R.O.S. 

PATHOLOGY OF THE HUMAN EYE. Complete in Nine Fasciculi: 

imperial 4to., 20«. each; half-bonnd morocco, gilt tops, 9L 158, 
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THE GANGLIONIC NERVOUS SYSTEM: its Structme, Functions, 

and Diseases. 8yo. cloth, ds. jj^ 

ON THE NATURE AND PROXIMATE CAUSE OF IN- 

SAKITT. Post 8to. doth, 3>. 
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DR. HERBERT DAVIE8. 



ON THE PHYSICAL DIAGNOSIS OF DISEASES OF THE 

LUNGS AND HEART. Second Edition. Post Svo. cloth, 89. 
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DR. HALL DAVIS. 

ILLUSTEATIONS OF DIFFICULT PAETUEITION. Post 8yo. 



doth, 6s. 6d, 



MR. DIXON. 



A GUIDE TO THE PRACTICAL STUDY OF DISEASES OF 

. THE EYK Second Edition. Post Svo. cloth, 9s. ' 
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DR. DOBELL. 

DEMONSTEATIONS OF DISEASES IN THE CHEST, AND 

THEIR PHYSICAL DIAGNOSIS. With Colonied Plates. Svo. doth, 12<. 64. 

LECTUEES ON THE GERMS AND YESTIGES OF DISEASE, 

and on the Preyention of the InvasioD and Fatality of Disease by Periodical Examinations. 
Svo. doth, 6«. 6d. iiL 

A MANUAL OF DIET AND REGIMEN FOR PHYSICIAN 

AND PATIENT. Crown 8yo. doth, 1<. 6d. 
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DR. TOOQOOD DOVA^NINQ. 

NEURALGIA: its various Forms, Pathology, and Treatment. The 
Jaoksonian Pbizb Essat roB 1850. Svo. cloth, 10s. 6d. 



DR. DRUITT, F.R.C.8. 

THE SUEGEON'S VADE-MECUM; with numerous Engravings on 

Wood. Eighth Edition. Foolscap Svo. cloth, 1 29.6(^. 
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MR. DUNN, F.R.O.8. 

AN ESSAY ON PHYSIOLOGICAL PSYCHOLOGY. Svo. doth, 4,. 
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SIR JAMES EYRE, M.D. 

THE STOMACH AND ITS DIFFICULTIES. Fifth Edition. 

Fcap. 8yo. cloth, 28. 6d. jj 

PRACTICAL REMARKS ON ' SOME EXHAUSTING DIS- 

EASES. Second Edition. Post Svo. doth, 4^. 6d. 
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OR. PENWICK. 

ON SCROFULA AND CONSUMPTION, aeigyman's Sore Throat, 

Catarrh, Croup, Bronchitis, Asthma. Fcap. Byo., 2«. 6d, 

MR. FERQU880N, F.R.8. 

A SYSTEM OF PRACTICAL .SURGERY; with nnmerons lUns- 

tratioiis on Wood. Fourth Edition. Fcap. Bto. doth« 12s. 6d. 

MR. FLOVA^ER, P.R.O.S. 

DIA6EAMS OF THE NERVES OF THE HUMAN BODY, 

exhibiting their Origin, Di?isions, and Connexions, with their Distribution to the yaiious 
Regions of the Cutaneous Surfiice, and to all the Muscles. Folio, containing Six 
Plates, 149. 
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SIR JOHN FORBES, M.D., D.O.L. (OXON.), F.R.S. 

NATURE AND AET IN THE CUEE OF DISEASE. Second 

Edition. Poet 8vo. cloth, 6«. •^*""'"*^^^'^ 

MR. FOVWNES. PH.D., F.R.S. 
I. 

A MANUAL OF CHEMISTEY; with 187 illustrations on Wood* 

Ninth Edition. Fcap. 8yo. cloth, 12^. 6d. 
Edited by H. Bbnob Jonbs, M.D., F.KS., and A. W. Hofmann, Ph.D., F.R.S. 

CPEMISTET, AS EXEMPLIFYING THE WISDOM AND 

BENEFICENCE OF GOD. Second Edition. Fcap. 8yo. cloth, 4*. 6d. 

III. 

INTEODUCTION TO QUALITATIVE ANALYSIS. Post 8to. doth, 2,. 
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DR. D. J. T. FRANOiS. 

CHANGE OF CLIMATE; considered aa a Remedy in Dyspeptic, Pul- 

monary, and other Chronic Affections; with an Account of the most Eligible Places of 
Residence for Inyalids, at different Seasons of the Year; and an Appendix on the Mineral 
Springs of the Pyrenees, Vichy, and Aix les Bains. Post 8yo. doth, 85. 6d, 
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DR. QAIRDNCR. 

ON GOUT ; its History, its Causes, and its Cure. Fourth Edition. Post 

8vo. cloth, 8s, 6rf. '' "" "' " ^* " " " ' 

MR. QALLOWAY. 

THE FIEST STEP IN CHEMISTEY. Third Edition. Fcap. 8vo. 

clot h, 58. IL 

THE SECOND STEP IN CHEMISTEY; or, the student's Guide to 

the Higher Branches of the Science. With Engravings. 8to. doth, 10s. 

iii^ 

A MANUAL OF QUALITATIVE ANALYSIS. Third Edition. 

Post 8yo. cloth, 5^. lY. 

CHEMICAL TABLES. On Five Large Sheets, for School and Lecture 

Rooms. Second Edition, is. 6d, 




MR. J. Q. FRENOH, F.R.O.S. 

THE NATURE OF CHOLERA INVESTIGATED. Second f 

Edition. 8yo. cloth, is, . ****'•***'***''*'*** 

O. REMIQIUS FRESENIUS. 

A SYSTEM OF INSTRUCTION IN CHEMICAL ANALYSIS, 

Edited by Lloyd Bullock, F.C.S. 
QuALiTATiYB. Sixth Edition, with Coloured Plate illustrating Spectrum Analysis. 8yo. 
cloth, 10«. 6rf. QuANTiTATiYB. Third Edition. 8vo. cloth, 16s. 

DR. FULLER. 

ON DISEASES OF THE CHEST, including Diseases of the Heart 

and Great Vessels. With Eugravings. 8yo. cloth, 12s. 6d. 

ON DISEASES OF THE HEART AND GREAT VESSELS. 

8yo. cloth, 7s. 6d. ili. 

ON RHEUMATISM, RHEUMATIC GOUT, AND SCIATICA: 

their Pathology, Symptoms, and Treatment. Third Edition. 8yo. d6th, 12s. 6d, 
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MR. F. J. QANT, F.R.O.S. 

THE PRINCIPLES OF SURGERT : Clinical, Medical, and Opera- 

tive. With Engrayings. 8yo. cloth, 18«. 

II. 

THE IRRITABLE BLADDER : ite Causes and Curative Treatment. 

Post 8vo. cloth, 4» 6d, '*****■'■' "" '* " "'** 

DR. GIBB, M.R.O.P. 

ON DISEASES OF THE TMOAT AND WINDPIPE, w 

reflected hj the Laiyngoscope. Second Edition. With 116 Engravings. Post 8vo. 
cloth, 10«. 6d. 
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MRS. QOOFREY. 

ON THE NATURE, PREVENTION, TREATMENT, AND CURE 

OF SPINAL CURVATURES and DEFORMITIES of the CHEST and LIMBS, 
without ARTIFICIAL SUPPORTS or any MECHANICAL APPLIANCES. 
Third Edition, Revised and Enlarged. 8vo. clotiii, 5^. 



^#^»>rf»<^*^0» *» »^V»V»M^ 



DR. GORDON, M.D., O.B. 

CHINA, FEOM A MEDICAL POINT OF VIEW, IN 1860 

AND 1861; With a Chapter on Nagasaki as a Sanatarium. With Plans. 8vo. cloth, 

DR. QRANVILLE, F.R.8. 

THE MINERAL SPRINGS OF VICHY : their Efficacy in the 

Treatment of Gout, Indigestion, Gravel, &e. 8vo. cloth, 5« 

ON SUDDEN DEATH. Post 8vo., 2*. 6rf. 
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DR. GRAVES, M.D., F.R.8. 

STUDIES IN PHYSIOLOGY AND MEDICINE. Edited by 

Dr. Stokes. With Portrait and Memoir. 8vo. cloth, 14s. 

MR. QRIPFITH8. 

CHEMISTRY OF THE FOUR SEASONS— Spring, Summer, 

Autumn, Winter. Illustrated with Engravings on Wood. Second Edition. Foolscap 
ovo. ciotn, / s. Do* » # *w«iiw»*«i>»»w«.»i«w 

THE SIMPLE TREATMENT OF DISEASE; dednced from the 

Methods of Expectancy and Revulsion. 18mo. cloth, 45. 
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HOOPER'S PMSiciAN'S Vade-mecum ; os, manual of 

THE PRINCIPLES AND PRACTICE OF PHYSIC. New Edition, considerably 
enlarged, and rewritten. Foolscap 8vo. cloth, 12s. 6d, 
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GUY'S HOSPITAL REPORTS. Third Series. Vols. I. to IX., 8vo., 

7a R/i Altl*h f»mi»»m»»^i i<wi»<i»«*.» 

DR. HABER8HON, F.R.O.P. 

PATHOLOGICAL AND PRACTICAL OBSERVATIONS ON 

DISEASES OF THE ABDOMEN, comprising those of the Stomach and other Parts of 
the Alimentary Canal, CSsophagus, Stomach, Caecum, Intestines, and Peritoneum. Second 
Edition, with Plates. 8vo. doth, 14s. il 

on the injurious effects of mercury in the 

TREATMENT OF DISEASE. Post 8vo. cloth, ds. 6e{. 
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DR. C. RADOLYFFE HALL. 

TOEQTJAY IN ITS MEDICAL ASPECT AS A RESOET FOR 

PULMONARY INVALIDS. Post 8to. cloth, 6». 
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DR. MARSHALL HALL, F.R.8. 

PRONE AND POSTUEAL RESPIRATION IN DROWNING 

AND OTHER FORMS OF APNGBA OR SUSPENDED RESPIRATION. 
Post 8yo. cloth. 58.' u. 

PRACTICAL OBSERYATIONS AND SUGGESTIONS IN MEDI- 

CINE. JS((onlr &txit». Post 8yo. cloth, 8«. ed. 



MR. HAROWICH. 

A MANUAL OF PHOTOGRAPHIC CHEMISTRY. Seventh 

Edition. Foolscap Byo. cloth, 78. 6d, 
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MR. HARE, F.R.C.S. 

PRACTICAL OBSERVATIONS ON THE PREVENTION, 

CAUSES, AND TREATMENT OF CURVATURES OF THE SPINE ; with 
Engravings. Third Edition. 8vo. cloth, 6s, 



DR. J. BOWER HARRISON, M.D., M.R.C.P. 

LETTERS TO A YOUNG PRACTITIONER ON THE DIS- 

EASES OF CHILDREN. Foolicap 8to. cloth, 3a. 

ON THE CONTAMINATION OF WATER BY THE POISON 

OF LEAD, and its Effects on the Human Body. Foolscap 8yo. cloth, 3«. 6d* 



DR. HAR-n/VIQ. 

ON SEA BATHING AND SEA AIR. Second Edition. Fcap. 

8vo., 28. 6d. II. 

ON THE PHYSICAL EDUCATION OF CHILDREN. Fcap. 

DR. A. H. HA8SALL. 

THE URINE, IN HEALTH AND DISEASE ; being «, Ex- 

plonation of the Composition of the Urine, and of the Pathology and Treatment of 
Urinary and Renal Disorders. Second Edition. With 79 Engravings (23 Coloured). 
Post 8vo. cloth, 129. 6d. ii. 

THE MICROSCOPIC ANATOMY OF THE HUMAN BODY, 

IN HEALTH AND DISEASE. Illostrated with Several Hundred Drawings in 
Colour. Two vols. 8vo. cloth, £1. lOs. 
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MR. ALFRED HAVILAND, M.R.O.S. 

CLIMATE, WEATHER, AND DISEASE; being a Sketeh of the 

Opinions of the most celebrated Ancient and Modem Writers with regard to the Influence 
of Climate and Weather in producing Disease. With Four coloured Engravings. 8vo. 
cloth, 7*. ***>«**> »*«**>«.>*^^ 

ON THE ACTION OF ' MEDICINES' IN THE SYSTEM. 

Being the Prize Essay to which the Medical Society of London awarded the Fother- 
gillian Gold Medal for 1862. Third Edition. 8vo. cloth, 12s. 6d. 
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DR. HEALE. 

A TEEATISE ON THE PHYSIOLOGICAL ANATOMY 

THE LUNOS. With EngiaTinfiis. 8to. cloth, 6t. 

A TEEATISE ON VITAL CAUSES. Svo. doth, 9«. 
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MR. CHRISTOPHER HEATH, F.R.O.S. 

A MANUAL OF MINOR SURGERY AND BANDAGING, FOR 

THE USE OF HOUSE-SURGEONS, DRESSERS, AND JUNIOR PRAC- 
TITIONERS. With Illustrations. Second Edition. Fcap. 8vo. doth, 6«. 
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MR. HIQQINBOTTOM, F.R.8., F.R.C.8.E. 

ON THE NITRATE OF SILVER: with full directions 

FOR ITS APPLICATION IN THE TREATMENT OF INFLAMMATION, 
WOUNDS, AND ULCERS. Part I., Second Edition, 5s.; Part IL, 28. 6d. 

THE HARMONIES OF PHYSICAL ^SCIENCE IN RELATION 

TO THE HIGHER SENTIMENTS; with Observations on Medical Studies, and on 
the Moral and Scientific Relations of Medical Life. Post 8yo. cloth, 4s, 
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MR. J. A. HINQESTON, M.R.C.S. 

TOPICS OF THE DAY, MEDICAL. SOCLiL, AND SCIENTIFIC. 

Crown 8vo. cloth, 7s, 6rf. ,*.**«*v^v«**««. 

DR. HODGES. 

THE NATURE, PATHOLOGY, AND TREATMENT OF PUER- 

PERAL CONVULSIONS. Crown 8vo. cloth, Ss. 

DR. DEOIMU8 H0DQ80N. 

THE PKOSTATE GLAND, AND ITS ENLARGEMENT IN 

OLD AGE. With 12 Plates. Royal 8vo. cloth, 69. 
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MR. JABEZ HOQQ. 

A MANUAL OF OPHTHALMOSCOPIC SUEGEEY ; being a 

Practical Treatise on the Use of the Opthalmoscope in Diseases of the Eye. Third 
Edition. With Coloured Plates. 8yo. cloth, 10s. 6d. 

MR. LUTHER HOLDEN. F.R.O.S. 

I. 

HUMAN OSTEOLOGY : with Plates, showing the Attachments of the 

Muscles. Third Edition. 8to. cloth, 16s. 

A MANUAL OF THE DISSECTION OF THE HUMAN BODY. 

With Engravings on Wood. Second Edition. 8vo. cloth, 16s. 
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MR. BARNARD HOLT, F.R.O.8. 

ON THE IMMEDUTE TREATMENT OF STRICTURE OF 

THE URETHRA. Second Edition, Enlarged. 8to. clotb, Sa; 
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MR. O. HOLTHOU8E. 
I. 



" ON SQUINTING, PARALYTIC AFFECTIONS OF THE EYE, 

f and CERTAIN FORMS OF IMPAIRED VISION. Fcap. 8to. doth, 4s. 6d. 

jf LECTURES ON STRABISMUS, deUvered at the Westminster Hoapital. 

^ 8yo. cloth, is. 
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A DR. W. CHARLES HOOD. f 

* SUGGESTIONS FOR THE FUTURE PROVISION OF CRIMI- 

NAL LUNATICS. 8to. doth, 5*. Sd. 
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DR. P. HOOD. 

THE SUCCESSFUL TREATMENT OF SCARLET FEVER; 

also, OBSERVATIONS ON THE PATHOLOGY AND TREATMENT OF 
CROWING INSPIRATIONS OF INFANTS. Post 8to. cloth, 5«. 

MR. JOHN HOR8LEY. 

A CATECHISM OF CHEMICAL PHILOSOPHY ; being a Famfliar 

Exposition of the Principles of Chemistry and Physics. With Engravings on Wood. 
Designed for the Use of Schools and Private Teachers. Post 8vo. cloth, 69. 6d. 
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OR. HUPELAND. 

THE ART OF PROLONGING LIFE. Second Edition. Edited 

by Erasmus Wilson, F.R.S. Foolscap 8vo., 2s. M. 
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MR. W. OURTIS HUQMAN, F.R.O.S. 



Bvo. cloth, dt. 6d. 
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MR. HULKE, F.RX>J3, 

A PRACTICAL TREATISE ON THE USE OF THE 

OPHTHALMOSCOPE. Being the Jacksonian Prize Essay for 1859. Royal 8vo. 
cloth, Ss. 



DR. HENRY HUNT. 

ON HEARTBURN AND INDIGESTION. 8yo.cioth,5*. 
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PROFESSOR HUXLEY, F.R.S. 

LECTURES ON THE ELEMENTS OF COMPARATIVE 

ANATOMY.— ON CLASSIFICATON AND THE SKULL. With 111 Illus- 
trations. Bvo. cloth, 10«. 6d, 
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MR. JONATHAN HUTCHINSON, F.R.O.8. 

A CLINICAL MEMOIR ON CERTAIN DISEASES OF THE 

EYE AND EAR, CONSEQUENT ON INHERITED SYPHILIS ; with an 
appended Chanter of Commentaries on the Transmission of Syphilis from Parent to 
O&pring, and ita more remote Consequences. With Plates and Woodcuts, Bvo. cloth, 9s. 



DR. INMAN, M.R.O.P. 
L 



ON MYALGIA : ITS NATURE, CAUSES, AND TREATMENT ; 

being a Treatise on Painfiil and other Affections of the Muscular System. Second 
Edition. 8vo. cloth, Bs. ^^ 

FOUNDATION FOR A NEW THEORY AND PRACTICE 

OF MEDICINE. Second Edition. Crown 8ro. do^, lOa. 
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DR. ARTHUR JACOB, P.R.C.S. 

A TREATISE ON THE INFLAMMATIONS OF THE EYE-BALL. 

Foolscap 8vo. cloth, Bs, 
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% ON HIP JOINT DISEASE; with reference especiaUy to Treatment t 

[ by Mechanical Means for the Relief of Contraction and Deformity of the Affected Limb. [ 









MESSRS. CHURCHILL & SONS* PUBLICATIONS. 
£ MR. J. H. JAMES, F.R.O.8. L 

PRACTICAL OBSERVATIONS ON THE OPERATIONS FOR 

STRANGULATED HERNIA. 8vo. cloth, Bs. 
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DR. PR08SER JAMES, M.D. 

SORE-THROAT: ITS NATURE, VARIETIES. AND TREAT- 

MENT ; including the Use of the LARYNGOSCOPE as an Aid to Diagnosis. Post 
8to. doth, 4s. 6d. 
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DR. HANDFIELD JONES, P.R.8^ St, DR. EDWARD H. SIEVEKING. 

A MANUAL OF PATHOLOGICAL ANATOMY. lUustrated with 

numerous Engravings on Wood. Foolscap Svo. cloth, 129. 6d. 



DR. JAMES JONES, M.D., M.R.O.P. 

ON THE USE OF PERCHLORIDE OF IRON AND OTHER 

CHALYBEATE SALTS IN THE TREATMENT OF CONSUMPTION. Crown 
Svo. cloth, 3^^. 6<L 
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MR. \/VHARTON JONES, F.R.S. 

A MANUAL OF THE PRINCIPLES AND PRACTICE OF 

OPHTHALMIC MEDICINE AND SURGERY; illustrated with Engraviitgs, plain 
and coloured. Second Edition. Foolscap Svo. cloth, 12«. 6d. 

THE WISDOM AND BENEFICENCE OF THE ALMIGHTY, . 

AS DISPLAYED IN THE SENSE OF VISION; being the Actonian Prize Essay J \ 
for 1851. With Illustrations on Steel and Wood. Foolscap Svo. cloth, 4a. 6d. 

III. 

DEFECTS OF SIGHT : their Nature, Causes, Prevention, and General 

Management. Fcap. Svo. 29. 6d. 

A CATECHISM OF THE MEDICINE AND SUEGEET OF 

THE EYE AND EAR. For the Clinical Use of Hospital Students. Fcap. Svo. 2>. M 

A CATECHISM OF THE PHYSIOLOGY AND PHILOSOPHY 

OF BODY, SENSE, AND MIND. For Use in Schools and Colleges. Fcap. Svo., 
28, 6d, 

MR. FURNEAUX JORDAN, M.R.O.8. 

AN INTRODUCTION TO CLINICAL SUEGERY; WITH A 

Method of Investigating and Reporting Surgical Cases. Fcap. Svo. cloth, 5^. 



MR. JUDD. 

A PRACTICAL TREATISE ON URETHRITIS AND SYPHI- '' 

LIS : including Observations on the Power of the Menstruous Fluid, and of the Dis- 
charge from Leucorrhcea and Sores to produce Urethritis : with a variety of Examples, 
Experiments, Remedies, and Cures. Svo. cloth, £1. 5s. 
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DR. LAENNEC. 

A MAOTAL OF AUSCULTATION AND PERCUSSION. Trans- 

lated and Edited by J. B. Sharps, M.R.C.S. 3«. 

DR. LANE, M.A. 

HYDROPATHY; OR, HYGIENIC MEDICINE. An Expianatoiy 

Essay. Second Edition. Post 8yo. cloth, 5«. 

IVIR. l-AWRENOe, F.R.8. 

LECTTJEES ON SUEGEEY. 8vo. doth, 16«. 

A TREATISE ON RUPTURES. The Fifth Edition, considerably 

enlarged. 8to, cloth, 16». ™,w-~~. 

MISS LE HARDY. 

THE HOME NURSE, AND MANUAL FOR THE SICK ROOM. 

f OOlSCap OVO. CiOlD, 05* »rtmt * »i»r»»m0m»i»i* m » 

DR. LEARED, M.R.C.P. 

IMPERFECT DIGESTION: ITS CAUSES AND TREATMENT. 

Third Edition. Foolscap 8yo. cloth, 45. 

DR. EDWIN LEE. 

THE EFFECT OF CLIMATE ON TUBERCULOUS DISEASE, 

with Notices of the chief Foreign Places of Winter Resort. Small 8yo. cloth, 4«. 6d, 

THE WATERING PLACES OF ENGLAND, CONSIDERED 

with Reference to their Medical Topography. Fourth Edition. Fcap. 8to. doth, 7$, 64. 

THE BATHS OF GERMANY. Fourth Editioa Post 8vo. doth, 7». 

HOMCEOPATHY AND HYDROPATHY IMPARTIALLY AP- 

PRECIATED. With Notes illustrative of the Influence of the Mind over the Body. 
Fourth Edition. Post 8vo. cloth, ds, 6d, 
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MR. HENRY LEE, F.R.C.S. 

ON SYPHILIS. Second Edition. With Coloured Plates. 8vo. cloth, 10«. 



DR. ROBERT LEE, F.R.S. 



I. 



CONSULTATIONS IN MIDWIFERY. Fodscap Sm doth, 4*. 6rf. 



II. 
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A TREATISE ON THE SPECULUM; with Three Hundred Cases. 

-: 8vo, cloth,4^.-6rf. iiL 

CLINICAL REPORTS OF OYARLAN AND UTERINE DIS- 

EASES, with Commentaries. Foolscap 8vo. cloth, 6«. 6d, 

'-*, '' IV. 

CLINICAL MIDWIFERY : comprising the Histories of 545 Cases of 

$ DifRcult, Preternatural, and Complicated Labour, with Commentaries. Second Edition. 

^ Foolscap 8vo. cloth, 58. y 

PRACTICAL observations' ON DISEASES OF THE 

UTERUS. With coloured Plates, Two Parts. Imperial 4to., 7«. 6rf. each Part. 
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i DR. LEI8HMAN, M.O, P.F.P.S. 

* THE MECHANISM OF PAETURITION : An Essay, Historical and 

CriticaL With Engravings. 8yo. doth, Ss, 
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MR. LISTON, F.R.8. 

PRACTICAL SUEGERT. Fourth EditioD. 8vo. cloth, 22«. 
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MR. H. W. LOBB, L.S.A.. M.R.O.S.E. 

ON SOME OF THE MORE OBSCURE FORMS OF NERVOUS 

AFFECTIONS, THEIR PATHOLOGY AND TREATMENT. Re-issue, 
with the Chapter on Galvanism entirely Re-written. With Engravings. 8vo. doth, 89. 
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LONDON MEDICAL SOCIETY OF OBSERVATION. 

WHAT TO OBSERYE AT THE BED-SIDE, AND AETEE 

DEATH. Puhlished hy Authority. Second Edition. Foolscap 8vo. doth, 4^. 6d^ 
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DR. MACKENZIE, M.D., M.R.O.P. 

THE PATHOLOGY AND TREATMENT OF PHLEGMASIA 

DOLENS, as deduced from Clinical and Physiological Researches. Lettsomian Lectures 
on Midwifery. 8vo. cloth, Ss, »#»».■.»»»«»»—%»¥»»»« 

MR. M'CLELLAND, P.L.8., P.Q.S. 

THE MEDICAL TOPOGRAPHY, OR CLIMATE AND SOILS, 

OF BENGAL AND THE N. W. PROVINCES. Poet 8to. cloth, 4». 6<i. 
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DR. MAOLACHLAN, M.D., F.R.O.P. LOND. 

THE DISEASES AND INFIRMITIES OF ADVANCED LIFE. 

6vo. doth 16*. »(w«w«««*r.j«ivw««p 

DR. GEORGE H. B. MACLEOD, P.R.O.S. (EDIN.) 

NOTES ON THE SURGERY OF THE CRIMEAN WAR; with 

BEUARKS on OUN-SHOT WOUNDS. 8to. doth, 10s. 6d. 
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MR. JOSEPH MACLISE, F.R.O.8. 

I. 

SURGICAL ANATOMY, a Series of Dissections, illustrating the Prin- 
cipal Regions of the Hmnan Body. 
The Second Edition, imperial folio, doth, £3. 12«.; half-morocco, £4. is, 

ON DISLOCATIONS AND FRACTURES. This Work 13 Uniform 

with the Author^s " Surgical Anatomy;" each Fasciculus contains Four heautifully 
executed Lithographic Drawings. Imperial folio, doth, £2. 10«.; half-morocco, £2. 17«. 
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DR. MONIGOLL, M.R.C.P. 

A HAND-BOOK FOR SOUTHPORT, MEDICAL & GENERAL ; 

with Copious Notices of the Natural History of the District. Second Edition. Post 8vo. 

OR. MAROET, FJKja. 

ON THE COMPOSITION OF' FOOD, AND HOW IT IS 

ADULTERATED ; with Practical Directions for its Analysis. 8vo. doth, 6s. 6d. 

ON CHRONIC ALCOHOLIC INTOXICATION ; with an lnquiry f 

INTO THE INFLUENCE OF THE ABUSE OF ALCOHOL AS A PRE- 
DISPOSING CAUSE OF DISEASE. Second Edition, much enlarged. Foolscap 
8yo. doth, 4s. 6i. 
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DR. MARKHAM. 

DISEASES OF THE HEAET :' THEIE PATHOLOGY, DIAG- 

NOSIS, AND TREATMENT. Second Edidon. Post 8vo. cloth, 6t. 

SKODA ON AUSCULTATIOn"mD PERCUSSION. Post 8to. 

cloth, 68. 



SIR RANALD MARTIN, K.C.B., F.R.S. 

INFLUENCE OF TROPICAL CLIMATES IN PRODUCING 

THE ACUTE ENDEMIC DISEASES OF EUROPEANS; including Practical 
Obsenrations on their Chronic Sequels under the Influences of the Climate of Europe. 
Second Edition, much enlarged. 8to. cloth, 20«. 



n%»^mw»w»<m<»w*»v<*»w»» 



OR. MASSY. 

ON THE EXAMINATION OF RECRUITS; intended for the Use of 

Young Medical Officers on Entering the Army. 8vo. cloth, Bs. 
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MR. C. F. MAUNDER, F.R.C.S. 

OPERATIYE SURGERY. With 158 Engravings. 



Post 8vo. 6«. 
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DR. MAYNE 



I. 



AN EXPOSITORY LEXICON OF THE TERMS, ANCIENT 

AND MODERN, IN MEDICAL AND GENERAL SCIENCE, including a com- 
plete MEDICAL AND MEDICO-LEGAL VOCABULARY. Complete in 10 Parta, 
price 58, each. The entire work, cloth, £2, lOs. 



II. 



A MEDICAL YOCABULARY ; or, an Explanation of aU Names, 

Synonymes, Terms, and Phrases used in Medicine and the relative branches of Medical 
Science, intended specially as a Book of Reference for the Young Student Second 
Edition. Fcap. Svo. cloth, 8«. 6d. 



A«M#««Ml#MA»WMtftfWtfW«^ 



DR. MILUNQEN. 

ON THE TREATMENT AND MANAGEMENT OF THE IN- 

SANE; with Considerations on Public and Private Lunatic Asylums. 18mo. cloth, 
49. 6^. 
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DR. \A/. J. MOORE, M.O. 

HEALTH IN THE TROPICS; or, Sanitary Art appUed to Europeans 

in India. Svo. doth, 9$. 

A MANUAL OF THE DISEASES OF INDIA. Fcap. Svo. doth, 5.. 
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PROFESSOR MULDER, UTRECHT. 

THE CHEMISTRY OF ..WINK Edited byH. Bence Jones, M.D., 

F.R.S. Fcap. Svo. cloth, 69. 

DR. BIRKBECK NEVIN8. I 

THE PRESCRIBER'S ANALYSIS OF THE BRITISH PHAR- i 

MACOPEIA. 32mo. cloth, 2«. 6rf. - M 
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DR. NOBLE. 

THE HUMAN MIND IN ITS EELATIONS WITH THE 

BRAIN AND NERVOUS SYSTEM. Post 8vo. cloth, 4«. Sd. 



MR. NUNNELEY. P.R.C.8.E. 

ON THE ORGANS OF VISION : their anatomy and phy- 

SIOLOGY. With Plates, 8vo. cloth, 15«. 

A TREATISE ON THE NATURE, CAUSES, AND TREATMENT 

OF ERYSIPELAS. 8yo. cloth, 10«. 6d. 
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DR. O'REILLY. 

THE PLACENTA, THE ORGANIC NERVOUS SYSTEM, 

THE BLOOD, THE OXYGEN, AND THE ANIMAL NERVOUS SYSTEM* 
PHYSIOLOGICALLY EXAMINED. With Engravings. 8vo. cloth, 5s. 

MR. LANGSTON PARKER. 

THE MODEEN TREATMENT OF SYPHILITIC DISEASES, 

both Primary and Secondary; comprising the Treatment of Constitutional and Confirmed 
Syphilis, by a safe and successful Method. Fourth Edition, 8yo. cloth, IO5. 
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DR« PARKES F«R*O.P« 

THE URINE: its composition' in health and disease, 

AND UNDER THE ACTION OF REMEDIES. 8vo. cloth, \2s. 
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DR. PARKIN, M.D., F.R.O.S. 

THE CAUSATION AND PEEVENTION OF DISEASE; with 

the Laws regulating the Extrication of Malaria from the Surface, and its Difiiision in the 
surrounding Air. 8vo. cloth, Bs. 



MR. JAMES PART, P.R.O.8. 

THE MEDICAL AND SURGICAL POCKET CASE BOOK, 

for the Registration of important Cases in Private Practice, and to assist the Student of 
Hospital Practice. Second Edition. 2s. 6d. 
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DR. PAVY, M.D., F.R.8., F.R.C.P. 

DIABETES : RESEARCHES ON ITS NATURE AND TREAT- 

MENT. 8vo. cloth, 8a 6d, »»..»»>.*»i«»»»»w.»*»v» 

DR. THOMAS B. PEACOCK. M.D. 

ON THE INFLUENZA, OR EPIDEMIC CATARRHAL FEVER 

OF 1847-8. 8vo. cloth, 6«. 6d. 
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DR. PEREIRA, F.R.8. 

SELECTA E PR^SCRIPTIS : with a Key, containing the PrescriptloM 

in an Unahbreviated Form, and a Literal Translation. Thirteenth Edition. 24mo. 
cloth, 5$. 
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DR. PICKFORD. 



T HYGIENE; or, Health as Depending npon the Conditions of the Atmo- 
sphere, Food and Drinks, Motion and Rest, Sleep and Wakefulness, Secretions, 
Excretions, and Retentions, Mental Emotions, Clothing, Bathing, &c. VoL I. 8yo. 
cloth, 9s. 




>•. 



MESSRS. CHURCHILL & SONS PUBLICATIONS. 



MR. PIRRIE, P.R.8.E. 

THE PRINCIPLES AND PRACTICE OF SURGERY. 

numerouB EngiayingB on Wood. Second Edition. Svo. cloth, 24s. 
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PHARMACOPEIA C0LLE6II REGALIS MEDICORUM LON- 

DINENSIS. 8yo. cloti^ 9«. ; or 24mo. 5«. 
Impbimatvb. 

Hie liber, col titulus, PHABXAOOPaiA Colleqii Rbqalis Mbdioobux Lohdinensis. 
Datum ex .ffidibus Collegii in comitiis censoriis, Novembris Mensis 14^ 1850. 

JoHANKBS Atbtoh Pabis. pTOtes, 
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PROFESSORS PLATTNER & MU8PRATT. 

THE USE OF THE BLOWPIPE IN THE EXAMINATION OF 

MINERALS, ORES, AND OTHER METALLIC COMBINATIONS. lUustratcd 
by numerouB Engravings on Wood. Third Edition. 8ro. cloth, 10s. 6d, 
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{DR. HENRY F. A. PRATT, M.D., iyi.R.O.P. 

THE GENEALOGY OF CREATION, newly Translated from the 

Unpointed Hebrew Text of the Book of Genesis, showing the General Scientific Accuracy 
of the Cosmogony of Moses and the Philosophy of Creation. 8vo. cloth, 14s. 

ON ECCENTRIC AND CENtSiC FORGE: a New Theoiy of 

Projection. • With Engravings. 8vo. cloth, 10s. 

III. 

ON ORBITAL MOTION: The Outlines of a System of Phyacal 

Astronomy. With Diagrams. 8yo. cloth, 7s. 6d, 



THE PRESCRIBER'S PHARMACOPEIA ; containing all the Medl- 

cines in the London Pharmacopoeia, arranged in Classes according to Uieir Action, with 
their Composition and Doses. By a Practising Physician. Fourth Edition. 32mo. 
cloth, 2s. 6d,; roan tuck (for the pocket), 3s. 6d, 
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DR. JOHN ROVA^USON PRETTY. 

AIDS DURING LABOUR, including the Administration of Chloroform, 

the Management of Placenta and Post-partom Haemorrhage. Fcap. 8yo. cloth, 4s. 6d. 
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DR. PRIESTLEY. 



MR. LAKE PRIOE. 

PHOTOGRAPHIC MANIPULATION : Treating of the Practice of 

the- Art, and its various appliances to Nature. With Fifty Engravings on Wood. Post 
8vo. cloth, 6s. 6d, .^^^^„„»^^^ 

MR. P. O. PRICE, F.R.O.S.E. 

SCROFULOUS DISEASES OF THE EXTERNAL LYMPHATIC 

GLANDS: their Nature, Variety, and Treatment ; with Remarks on the Management 
^ of Scrofiilous Ulcerations, Scars, and Gcatrices. Post 8yo. cloth, 3s. ^d» 

THE WINTER CLIMATE OF MENTON, with hints to 

INVALIDS INTENDINQ TO RESIDE THERE. Fcap. 8to. cloth, 3*. 



LECTURES ON THE DEVELOPMENT OF THE GRAYED i 

UTERU& 8to. doth, 5t, 6d. 9 
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DR. RADOLIFFE, F.R.O.P. LOND. 

ON EPILEPTIC AND OTHER CONVULSIVE AFFECTIONS 

OF THE NERVOUS SYSTEM. Third Edition. Post 8vo. cloth, 7«. 6d. 



MR. RAINEY. 



ON THE MODE OF FORMATION OF SHELLS OF ANIMALS, 

OF BONE, AND OF SEVERAL OTHER STRUCTURES, by a Process of 
Molecuhir Coalescence, Demonstrable in certain Artificially-formed Products. Fcap. 8vo. 
doth, 4». 6d, 



DR. F. H. RAM8BOTHAM. 

THE PEINCIPLES MD PRACTICE OF OBSTETRIC MEDI- 

CINE AND SURGERY. Illustrated with One Hundred and Twenty Plates on Steel 
and Wood; forming one thick handsome volume. Fourth Edition. 8vo. doth, 22«« 

DR. RAMSBOTHAM. 

PRACTICAL OBSERVATIONS ON MIDWIFERY, with a SeiecUon 

of Cases. Second Edition. Svo. cloth, 12«. 
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PROFESSOR RED>A'OOD, PH.D. 

i A SUPPLEMENT TO THE PHARMAOOP(EIA : A concise but 

comprehensive Dispensatory, and Manual of Facts and Formulae, for the use of Practi- 
tioners in Medicine and Pharmacy. Third Edition. 8vo. cloth, 22». 
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DR. DU BOIS REYMOND. 

ANIMAL ELECTKICITT ; Edited by H. Bence Jones, M.D., F.R.S. 

With Fifty Engravings on Wood. Foolscap 8vo. cloth, 6s. 
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DR. REYNOLDS, M.D. LOND. 

EPILEPSY : ITS SYMPTOMS, TREATMENT, AND REUTION 

TO OTHER CHRONIC CONVULSIVE DISEASES. 8vo. doth, 10.. 

THE DIAGNOSIS OF DISEASES OF THE BRAIN, SPINAL 

CORD, AND THEIR APPENDAGES. 8vo. cloth, 8». 
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DR. B. \A^. RICHARDSON. 

ON THE CAUSE OF THE COAGULATION OF THE BLOOD. 

Being the Astlby Cooper Pkizb Essay for 1856. With a Practical Appendix, 
8vo. doth, 16». iL 

THE HYGIENIC TREATMENT OF PULMONARY CONSUMP- 

TION. 8to. doth, 5*. 6d. m, 

THE ASCLEPIAD. VoL L, CMcal Essays. Svo. doth, 6». 6dL 
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MR. WILLIAM ROBERTS. 



AN ESSAY ON WASTING PALSY; being a Systematic Treatise on 
the Disease hitherto described as ATROPHIE MUSCULAIRE PROGRESSIVE 
With Four Plates. Svo. doth, 78. 6(/. 
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DR. ROUTH. 



* INFANT FEEDING, AND ITS INFLUENCE ON LIFE; 

9 Or, the Causes and Prevention of Infant Mortality. Second Edition. Fcap. Bvo. cloth, Gs. 
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DR. W. H. ROBERTSON. 

THE NATURE AM) TREATMENT OF GOUT. 

8vo. cloth, 10«. 6d, 

A TREATISE ON DIET AND REGIMEN. 

Fourth Edition. 2 vols, post 8vo. cloth, 12«. 
DR. ROWE. 

NERVOUS DISEASES, LIVER AND STOMACH COM- 

PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AND DIS- 
ORDERS PRODUCED BY TROPICAL CLIMATES. With Cases. Sixteenth 
Edition. Fcap. 8yo. 2»» 6rf. .*«»^>>»»w^»>>.v^ 

DR. ROYLE, F.R.8., AND DR. HEADLAND, M.D. 

A MANUAL OF MATERIA MEDICA AND THERAPEUTICS. 

With numerous Engravings on Wood. Third Edition. Fcap. Svo. cloth, 12s. 6d. 
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MR. RUM8EY, F.R.O.8. 

ESSAYS ON STATE M EDICINE. Svo. cloth, lo*. 6rf. 

DR. RYAN, M.D. 

INFANTICIDE: its law, prevalence, prevention, and 

xlXOX vJxV jL . OTO. CiOtll, ti$m 0»'0mr*m»m»»in»»»mm m t»» 

ST. BARTHOLOMEWS HOSPITAL. 

A DESCRIPTIYE CATALOGUE OF THE ANATOMICAL 

MUSEUM. Vol. I. (1846), Vol. II. (1851), VoL III. (1862), 8to. cloth, St. each. 
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DR. SALTER, F.R.S. 

iON ASTHMA : its Pathology, Causes, Consequences, and Treatment } 

DR. SAVAQE, M.D. LONO., F.R.O.S. 

THE SURGERY OF THE FEMALE PELVIC ORGANS, in 

a Series of Plates taken from Nature, with Physiological and Pathological References. 
Royal 4to. cloth, 2O9. 

%* These Plates give 40 Illustrations taken from original Dissections, and are drawn 
and coloured in the highest degree of art 



MR. SAVORY. 

A COMPENDIUM OF DOMESTIC MEDICINE, AND COMPA- 

NION TO THE MEDICINE CHEST; intended as a Source of Easy Reference for 
Clergymen, and for Families residing at a Distance from Professional Assistance. 
Sixth Edition. 12mo« cloth, 5s, »»».<w»»>««.«>»»**.»»<. 

DR. SCHACHT. 

THE MICROSCOPE, AND ITS APPLICATION TO VEGETABLE 

ANATOMY AND PHYSIOLOGY. Edited by Frbdbbick Cobbby, M.A. Fcap. 
DR. SCORESBY-JACKSCN, M.D., F.R.S.E. 

MEDICAL CLIMATOLOGY ; or, a Tdpographkal and Meteorological 

Description of the Localities resorted to in Winter and Smnmer hy Invalids of Various 
y classes both at Home and Abroad. With an Isothermal Chart Post 8vo. cloth, 12& ^ 

* DR. SEMPLE. ^ 

ON COUGH : its Causes, Varieties, and Treatment. With some practical 
Remarks on the Use of the Stethoscope as an aid to Diagnosis. Post 8yo. cloth, 4s. 6d, 
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DR. SEYMOUR. 

ILLUSTRATIONS OF SOME 'oF THE PRINCIPAL DIS- 

EASES OF THE OVARIA: their Symptoms and Treatment; to which are prefixed 
Observations on the Structure and Functions of those parts in the Human Being and in 
Animals. With 14 folio plates, 128. 

THE NATUEE AND TREATMENT OF DROPSY; considered 

especially in reference to the Diseases of the Internal Organs of the Body, which most 
commonly produce it. 8yo. Bs, 

DR. SHAPTER, M.D., F.R.C.P. 

THE CLIMATE OF THE SOUTH OF DEVON, AND ITS 

INFLUENCE UPON HEALTH. Second Edition, with Maps. 8m cloth, 10>. 6(i. 
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MR. SHAW, M.R.C.8. 

THE MEDICAL REMEMBRANCER; OB, BOOK OF EMER- 

GENCIES : in which are concisely pointed out the Immediate Remedies to be adopted 

in the First Moments of Danger from Drowning, Poisoning, Apoplexy, Bums, and other 

Accidents; with the Tests for the Principal Poisons, and other useful Information. 

" Fourth Edition. Edited, with Additions, by Jonathan Hutchinson, F.RC.S. 32mo. 

cloth, 2«. 6d. •*-*' *^'^ 

DR. SHEA, M.D., BJK. 

A MANUAL OF ANIMAL PHYSIOLOGY. With an Appendix of 

Questions for the B.A. London and other Examinations. With Engravings. Foolscap 

OVO. ClOtn, 09. Del. t»t v t v t:rm**m*»*»*»0» 

DR 8 IBS ON F.R.S 

MEDICAL ANATOMY. With coloured Plates. Imperial folio. Fasci- 

culi I. to VI. Bs. each. o»^^»*v>,v>^>w»,vm^ 

DR. E. H. 8IEVEKINQ. 

ON EPILEPSY AND EPILEPTIFOEM SEIZURES: their 

Causes, Pathology, and Treatment. Second Edition. Post 8vo. cloth, 10s. 6d, 
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MR. SINCLAIR AND DR. JCHNSTON. 

PRACTICAL MIDWIFEET : Comprising an Account of 13,748 Deli- 
veries, which occurred in the Dublin Lying-in Hospital, during a period of Seven Years. 

DR. SIOROET, M.B. LOND., M.R.C.P. 

MENTONE IN ITS MEDICAL ASPECT. Foolscap 8vo. doth, 2*. 6* 
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MR. ALFRED SMEE, F.R.S. 

GENEEAL DEBILITY AND DEFECTIYE NUTRITION; their 

Causes, Consequences, and Treatment. Second Edition. Fcap. 8to. cloth, 3$. 6d, 
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DR. 8MELUE. 

OBSTETRIC PLATES l being a Selection from the more Important and 

Practical Illustrations contained in the Original Work. With Anatomical and Practical 
X/iJreciions. oyo. ciotu, o8» —wwwwp w ^w w «»».w 

MR. HENRY SMITH, F.RC.8. 

ON STRIOTUEE OF THE URETHRA. 8vo. doth, 7s. ed. 




1 HEMORRHOIDS AND PROLAPSUS OF THE RECTUM: ! 

Their Pathology and Treatment, with especial reference to the use of Nitric Add. Third j[ 
Edition. Fcap. 8yo. cloth, 3«. V| 
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OR. W. TYLER SMITH. 

A MANUAL OF OBSTETRICS^ THEORETICAL AND PRAC- 

TICAL. Illiutrated with 186 Engiayings. Fcap. 8yo. cloth, 12«. 6d, 

THE PATHOLOGY AND TREATMENT OF LEUCOERHCEA. 

With EngTavingt on Wood. 8to. cloth, 7«. 

OR. SNOW. 

ON CHLOROFORM AND OTHER ANESTHETICS: their 

ACTION AND ADMINISTRATION. Edited, with a Memoir of the Author, hj 
Benjamin W. Richardaon, M.D. 8to. cloth, 10«. 6d. 
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OR. STANHOPE TEMPLEMAN SPEER. 

PATHOLOGICAL CHEMISTRY, IN ITS APPLICATION TO 

THE PRACTICE OF MEDICINE. Translated from the French of MM. Beoquebbl 
and RoDiBB. 8yo. cloth, reduced to 8«. 
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MR. STO\A/E, M.R.O.S. 

A TOXICOLOGICAL CHART, exhibiting at one view the Symptoms, 

Treatment, and Mode of Detecting the varioua Poisons, Mineral, Vegetahle, and AnimaL 
To which are added, concise Directions for the Treatment of Suspended Animation. 
Twelfth Edition, revised. On Sheet, 28,; mounted on Roller, 58. 
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MR. PETER SQUIRE 

mt PHARMACOPEIAS OF THIRTEEN OF TSE LONDON X 

HOSPITALS, arranged in Groups for easy Reference and Comparison. 18mo. cloth> j 

or. steqqall. 
students' books fok examination. 

A MEDICAL MANUAL FOB APOTHECARIES' HALL AND OTHEB MEDICAL 

BOARDS. Twelfth Edition. 12mo. cloth, 10«. 

II. 

A MANUAL FOR THE COLLEGE OF SURGEONS; intended for the Use 

of Candidates for Examination and Practitioners. Second Edition. 12mo. cloth, 10«. 

ui. 

GBEGOEY'S CONSPECTUS MEDICINjE THEOREHC^. The First Part, con- 

taining the Orig:inaI Text, with an Ordo Verborum, and Literal Translation. 12mo. 

cloth, 10«. jy, 

THE FIRST FOUR BOOKS OF CELSUSj contwning the Text, Ordo Verb- 

orum, and Translation. Second Edition. 12mo. cloth, 8«. 

V. 

FIRST LINES FOR CHEMISTS AND DRUGGISTS PREPARING FOR Ex- 
amination AT THE PHARMACEUTICAL SOCIETY. Second Edition. 
18mo. cloth, 3f. 6d, 



t MR. FRANCIS SUTTON, F.C.S. 

{ A SYSTEMATIC HANDBOOK OF YOLUMETRIC ANALYSIS; . 

Sf or, the Quantitative Estimation of Chemical Substances by Measure. With Encravinira V 

« Post 8vo. cloth, 7«. 6i. 9 
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DR. 8\A/AYNE. 

OBSTETEIC APHORISMS FOR THE USE OF STTJDENTS 

COMMENCING MIDWIFERY PRACTICE. With Engravings on Wood. Third 
Edition. Fcap. 8yo. doth, Bs. 6d, 
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MR. TAMPLIN, F.R.C.S.E. 

LATERAL CURVATURE OF THE SPINE: its Causes, Nature, and 

Treatment. 8vo. cloth, 4». 

DR. ALEXANDER TAYLOR, F.R.S.E. 

THE CLIMATE OF PAU; with a Description of the Watering Places 

of the Pyrenees, and of the Virtaes of their respective Mineral Sources in Disease. Third 
Edition. Post 8vo. cloth, 7«. 
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OR. ALFRED 8. TAYLOR, F.R.S. 

I. 



A MANUAL OF MEDICAL JUEISPEUDENCE. Seventh Edition. 

Fcap. 8vo. cloth, 12«. 6d. 



II. 



ON POISONS, in relation to MEDICAL JURISPRUDENCE AND 

MEDICINE. Second Edition. Fcap. 8vo. cloth, 128. Qd. 
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MR. TEALE. 

ON AMPUTATION BY A LONG AND A SHORT REOTAN 

OULAR FLAP. With Engravings on Wood. 8vo. doth, 5«. 
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DR. THEOPHILU8 THOMPSON* F.R.S. 

CLINICAL LECTURES ON PULMONARY CONSUMPTION; 

with additional Chapters hy E. Sthks Thompson, M.D. With Plates. 8vo. cloth, 7«. 6d. 
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DR. THOMAS. 

THE MODERN PRACTICE OF PHYSIC ; exhibiting the Symp- 

toms, Causes, Morhid Appearances, and Treatment of the Diseases of all Climates. 
Eleventh Edition. Revised hy Algernon Frampton, M.D. 2 vols. 8vo. cloth, 28«. 
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MR. HENRY THOMPSON, F.R.C.S. 



I. 



STRICTURE OF THE URETHRA; its Pathology and Treatment. 

The Jacksonian Prize Essay for 1852. With Plates. Second Edition. 8vo. cloth, 10^. 
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THE DISEASES OF THE PROSTATE; their Pathology and Treat- 

ment Comprising a Dissertation ^ On the Healthy and Morhid Anatomy of the Prostate 
Gland;'' being the Jacksonian Prize Essay for 1860. With Plates. Second Edition. 
8vo. doth, 10«. 
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PRACTICAL LITHOTOMY AND LITHOTRITY; or.Aninqniiy 

into the best Modes of removing Stone from the Bladder. With numerous Engravings, 
8vo. cloth, 9s. 

OR. THUOIOHUM. 

. A TREATISE ON THE PATHOLOGY OF THE URINE, 

1 Including a complete Guide to its Analysis. With Phites, 8vo. doth, 14«. 

i A TREATISE ON GALL STONES: their Chemistry, Pathology, 

9 and Treatment With Cdonred Plate*. Sto. cloth, lOi. 
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OR. TILT. 

ON UTERINE AND OYARIAN INFLAMMATION, AND ON 

THE PftYSIOLOGY AND DISEASES OF MENSTRUATION. Third Edition. 
Svo. cloth, 12«. 

A HANDBOOK OF UTERINE THERAPEUTICS. Post 8vo. 

doth, 6s. 

IIL 

THE CHANGE OF LIFE IN HEALTH AND DISEASE: a 

Practical Treatise on the Nerrous and other Affections incidental to Women at the Decline 
of Life. Second Edition. 8to. cloth, Ss. 

DR. GODNA^IN TIMM8. 

CONSUMPTION: its Tme Nature and Successfiil Treatment. Crown 

8vo. cloth, 10s. 

DR. ROBERT B. TODD, F.R.S. 

^ CLINICAL LECTURES ON THE PRACTICE OF MEDICINE 

New Edition, in one Volume^ Edited by Db. Beale, 8t;o. cloth, 18«. 

ON CERTAIN DISEASES OF THE URINARY ORGANS, AND 

ON DROPSIES. Fcap. 8to. cloth, 6s. 
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MR. JOSEPH TOYNBEE, F.R.8.. F.R.C.S. 

THE DISEASES OF THE EAR: THEIR NATURE, DIAG- 
NOSIS, AND TREATMENT. Illnstrated with numerous Engrayings on Wood. 
8yo. cloth, 15«. 
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DR. TURNBULL. 

k 

AN INQUIRY INTO THE CURABILITY OF CONSUMPTION, 

ITS PREVENTION, AND THE PROGRESS OF IMPROVEMENT IN THE 
TREATMENT. Thiid Edition. 8To.cbth,6<. 

A PRACTICAL TREATISE ON DISORDERS OF THE STOMACH 

with FERMENTATION ; and on the Causes and Treatment of Indigestion, &c 8yo. 
cloth, 6«. 
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DR. T\A/EEDIE, F.R.S. 

CONTINUED FEVERS: THEIR DISTINCTIYE CHARACTERS. 

PATHOLOGY, AND TREATMENT. With Coloured Plates. 8vo. doth. 
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MR. TOMES, F.R.8. 

A MANUAL OF DENTAL SURGERY. With 208 Engravings on ; 

Wood. Fcap. 8yo. cloth, 12«. 6d. 



VESTIGES OF THE NATURAL HISTORY OF CREATION. 

Eleventh Edition. lUostiated with 106 Engravings on Wood. 8vo. cloth, 7«. M, 
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« DR. UNDER>A/OOD. f 

* TEEATISE ON THE DISEASES OF CHILDREN. Tenth Edition, 

with Additions and Corrections by Henry Da vies, M.D. 8to. cloth, 159. 
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BOTANICAL LEHERS. 

Woodcuts. Post Svo., 28, 6d, 



DR. UNQER. 

Translated by Dr. B. Paul. 
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MR. WADE, F.R.C.S. 

STRICTURE OF THE URETHRA, ITS COMPLICATIONS 

AND EFFECTS; a Practical Treatise on the Nature and Treatment of those 
Affections. Fourth Edition. Svo. cloth, 7«. 6d, 
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DR NA/ALLER. 

ELEMENTS OF PRACTICAL MIDWIFERY; or. Companion to 

the Lying-in Room. Fourth Edition, with Plates. Fcap. cloth, is, 6d, 



mmm»»»t»***»» » ^tmi»m» 



MR. HAYNES WALTON, F.R.C.8. 

SURGICAL DISEASES OF THE EYE With Engravings on 

Wood. Second Edition. 8vo. cloth, 149. 
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DR. WATERS, M.R.O.P. 

THE ANATOMY OF THE HUMAN LUNG. The Prize Essay 

to which the Fothergillian Gold Medal was awarded by the Medical Society of London. 
Post 8vo. cloth, 69. 6d. 11. 

RESEAECHES ON THE NATUEE. PATHOLOGY, AND 

TREATMENT OF EMPHYSEMA OF THE LUNGS, AND ITS RELA- 
TIONS WITH OTHER DISEASES OF THE CHEST. With Engravings. 8vo. 
doth, 59. 



DR. EBEN. \A/ATSON, A.M. 

ON THE TOPICAL MEDICATION OF THE LARYNX IN 

CERTAIN DISEASES OF THE RESPIRATORY AND VOCAL ORGANS. 
8to. cloth, 59. 
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DR. ALLAN \A/EBB, F.R.C.S.L. 

THE SURGEON'S READY RULES FOR OPERATIONS IN 

SURQERY. Royal 8to. doth, 10<. 6<1. 

DR. NA^EBER. 

A CLINICAL HAND-BOOK OF AUSCULTATION AND PER- 

CUSSION. Translated by John Cockle, M.D. 59. 
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MR. SOELBERG WELLS. M.O., M.R.C.8. 

ON LONG, SHORT, AND WEAK SIGHT, and their Treatment by 

the Scientific Use of Spectacles. With Engravings on Wood and Stone. 8ya cloth, 59. 



f 



80 



MESSRS. CHURCHILL & SONS PUBLICATIONS. 




MR. T. 8PENOER WELLS, F.R.O.8. 

PRACTICAL OBSERYATIONS ON GOUT AND ITS COMPLI- 

CATIONS, and on the Treatment of Joints Stiffened bj Gontj Deposits. Foolscap 8yo. 
cloth, 5«. 

SCALE OF MEDICINES WITH WHICH MERCHANT YES- 

SELS ARE TO BE FURNISHED, by command of the Priyy Coimcil for Trade; 
With Obtenrations on the Means of Preserving the Health of Seamen, &c &c. 
Seventh Thousand. Fcap. 8vo. doth, 3f. 6d. 



Second Edition* 



OR. WEST. 

LECTUBES ON THE DISEASES OF WOMEN. 

8vo. doth, 16«. 
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OR. UVEDALE WEST. 

ILLUSTEATIONS OF PUERPERAL DISEASES. 

tion, enlarged. Post Bvo. doth, 5«. 



Second Edi- 
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MR. WHEELER. 

HAND-BOOK OF ANATOMY FOR STUDENTS 

FINE ARTS. With Engravinga on Wood. Fcap. 8to., 2«. M. 
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OR. >A^HITEHEAO, F.R.C.S. 



ON THE TRANSMISSION FROM PARENT TO OFFSPRING 

OF SOME FORMS OF DISEASE, AND OF MORBID TAINTS AND 
TENDENCIES. Second Edition. 8vo. cloth, ] 0«. 6d. 
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DR. WILLIAMS, FJt.S. 

PRINCIPLES OF MEDICINE: An Elementary View of the Causes, 

Nature, Treatment, Diagnosis, and Prognosis, of Disease. With brief Remarks on 
Hygienics, or the Preservation of Health. The Third Edition. 8vo. cloth, I5«. 
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THE WIFE'S DOMAIN : the Young Couple— the Motbeb— the Nubse 

— ^the NuBSLiNO. Post 8vo. cloth, 3«. 6d, 
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OR. J. HUME >A^ILLIAMS. 

UNSOUNDNESS OF MIND, IN ITS MEDICAL AND LEGAL 

CONSIDERATIONS. 8to. doth, 7<. 6d. 
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DR. WILLIAMSON, SUROEON-MAJOR, 64TH REGIMENT. 

MILITARY SURGERY. With Plates. 8vo. doth, 12». 

NOTES ON THE WOUNDED FROM THE MUTINY IN 

INDIA : with a Description of the Preparations of Gunshot Injuries contained in the 
Museum at Fort Pitt With Lithographic Plates. 8vo. doth, 12«. 
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DR. Q. C. WITTSTEIN. 

PEACTICAL PHARMACEUTICAL CHEMISTRY: An Explanation 

of Chemical and Pharmaceutical Processes, with the Methods of Testing the Parity of 
the Preparations, deduced from Original Experiments. Translated from the Second 
German Edition, by Stbphbn Darby. 18mo. cloth, 69. 
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DR. HENRY Q. >A^RIQHT. 

HEADACHES ; their Canses and their Cure. Third Edition. Fcap. 8yo. 
2t.6<L 
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DR. YEAR8LEY, M.D, MJtJOJB. 

DEAFNESS PRACTICALLY ILLUSTRATED ; being an Exposition 

as to the Causes and Treatment of Diseases of the Ear. Sixth Edition. 8to. cloth, 6«. 

ON TEE ENLARGED TONSIL AND ELONGATED UYTJU, 

and other Morbid Conditions of the Throat. Seventh Edition. 8to. cloth, 5s. 




MR. ERASMUS WILSON, F.R.S. 

THE ANATOMIST'S TADE-MECUM: A SYSTEM OF HUMAN 

ANATOMY. With numerous Illustrations on Wood. Eighth Edition. Foolscap 8vo. 

cloth, 128. ed. 

II. 

DISEASES OF THE SKIN : A Practical and Theoretical Treatise on 
the DIAGNOSIS, PATHOLOGY, and TREATMENT OF CUTANEOUS DIS- 
EASES. Fifth Edition. 8vo. cloth, 16<. 

Thb 8AMB Work; illustrated with finely executed Engravings on Steel, accurately- 
coloured. 8yo. cloth, 34«. 

in. 

HEALTHY SKIN : a Treatise on the Management of the Skin and Hair 

in relation to Health. Sixth Edition. Foolscap 8yo. 2«. 6<f. 

IV. 

PORTRAITS OF DISEASES OF THE SKIN. Folio. Fasciculi I. 
to Xn., completing the Work. 20<.each. The Entire Work, Imlf morocco, £13. 

ON SYPHILIS, CONSTITUTIONAL AND HEREDITARY; f 

AND ON SYPHILITIC ERUPTIONS. With Four Coloured Pktes. 8vo. cloth, 
16s. 

VI. 

A THREE WEEKS' SCAMPER THROUGH THE SPAS OF 

GERMANY AND BELGIUM, with an Appendix on the Nature and Use» of 
Mineral Waters. Post 8yo. cloth, 6s. 6d, 

VII. 

THE EASTERN OR TURKISH BATH: ita History, Eevival in 

Britun, and Application to the Purposes of Health. Foolscap 8va, 29. 
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CHURCHILL'S SERIES OF MANUALS. 

Fcap, 8vo. cloth, 12s, 6d. each. 

"We here give Mr. Churchill public thanks for the positive benefit conferred on the 
Medical Profession, by the series of beautiful and cheap Manuals which bear his imprint.^ — 
British and Foreiffn Medical Review, 
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AKATOMY. With nnmerous Engraviligs. Eighth Edition. Bj Erasmus 
Wilson, F,R.C.S., F.R.S. 

BOTANY. With nnmeroas Engravings. By Robert Bentlet, F.L.S., 
Professor of Botany, King's College, and to the Pharmaceutical Society. 

CHEMISTEY. With nnmeroas Engravings. Ninth Edition. By George 
FowNES, F.R.S., H. Bekce Jones, M.D., F.R.S., and A. W. 

HOFMANN, F.R.S. 

DENTAL SUBOEBY. With nnmeroas Engravings. By John Tomes, 
F.R.S. 

*  . 

MATERIA MEDICA. With nnmeroas Engravings. Third Edition. 
By J. Forbes Rotle, M.D., F.RS., and Frederick W. Headland, 
M.D., F.L.S. 

MEDICAL JirBISPEUDENCE. Seventh Edition. By Alfred Swaine 
Taylor, M.D., F.R.S. 

PEACTICE OP MEDICINE. Second Edition. By G. Hilaro Barlow, 
M.D., M.A. 

The MICEOSCOPE and its EEVELATIONS. With nnmerous Plates and 
Engravings. Third Edition. By W. B. Carpenter, M.D., F.R.8. 

NATUEAL PHILOSOPHY. With numerous t%favings. Fifth Edition. 
By Golding Bird, M.D., M.A., F.R.S., aud^HARLEs Brooke, M.B., 
M.A., F.R.S. 

OBSTETEICS. With numerous Engravings. By W. Tyler Smith, 
M.D., F.R.C.P. 

OPHTHALMIC MEDICINE and SUEOiBEY. With coloured Engravings 
on Steel, and Illustrations on Wood. Second Edition. By T. Wharton 
Jones, F.R.C.S., F.R.S. 

PATHOLOGICAL ANATOMY. With numerous Engravings. By C. 
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